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SUMMARY

This report presents the detailed engineering design
of a facility for production of NHC (n-hexyl carborane). This
effort, funded by the U.S. Army Missile R&D Command under Con-
tract DAAK40-76-C-1256, provides the engineering basis for im-
plementation of a low cost process developed by 92}}€?y Chemical
Company, partially under separate Cont;g;L_DAAK*0=7STt=12#3.

The major objective of this project was the design
of a modular carborane facility with a maximum production ca-
pacity of 30,000 1bs of NHC per year on a 300 stream day (SD)
per year basis. Additional objectives were:

St W gy

Design and identification of the minimum
equipment to demonstrate the process at
a rate of 4,000 1bs NHC/300 SD/yr;

Design and identification of additional
equipment necessary to support low rate
production of 9,000 1bs NHC/300 SD/yr; and

Design and identification of additional
equipment to expand production of NHC to
design capacity of 30,000 1bs/300 SD/yr.

- This report and its appended documentation provide

‘e the necessary engineering details (drawings, specifications,
etc) to allow construction of the NHC production facility. The
facility will be located on a portion of the Callery/Mine Safety
Appliances plant site near the borough of Callery in southwest
; Butler County, Pennsylvania. In brief, the facility consists
a of two principal process areas enclosed for weather protection
and safety, Necessary support facilities for the process ope-
ration include a drum storage area, tank farm, utilities area,
waste incineration system and change house for operating per-
sonnel.

0ff-site facilities connected to the production
facility include natural gas, potable and process water, fire

!
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‘e water, sanitary sewers and sewage treatment system, electricity,
telephone and diborane supply. These off-site requirements are
provided by appropriately metered connections to the existing
facilities of the Callery/Mine Safety Appliances plant.
Major operations at the production facility include

handling of incoming raw materials, production process ope-
I rations, waste incineration and handling of outgoing product

and solid waste. Major process operations take place in two
- operating areas -- The B10 Area and the NHC Area.

Process operations in these operating areas are best

b described by reference to Figure 1, NHC Facility Block Diagram.
In the B10 Area, diborane (B2) is converted to decaborane (B10)
by continuous vapor phase pyrolysis in parallel unit reactors.
Each unit reactor (12 required for 30,000 1bs/yr design capacity)
consists of three 4 in. ID pipe loops staged in series to pro-
vide efficient B2 conversion and Bi10 yield. Condensed B10 pro-
duct is collected in product hoppers and transferred to a dis-
solver where B10 is dissolved in reaction solvents, filtered
and pumped to the NHC Area. In the NHC Area, B10 is converted
|
5
|

-a

by sequential batch solution processing to give crude NHC. The
crude NHC is then extracted with pentane, washed with aqueous

: solutions and purified by solvent stripping and vacuum dis-

! tillation to give the final product.

A1l process wastes, both vapor and liquid, are con-
verted to relatively innocuous combustion products by direct
flaring or incineration. Figure 1 shows all process wastes
going to an incineration system which employs high temperature
oxidation to destroy combustible organics,vaporize process waste
} water and convert the waste boron content to solid oxides and
borates. Incineration combustion products are direct water

Vo e quenched and bag filtered to remove and collect particulates.
f t Collected particulate matter (primarily sodium carbonates and
borates) is packaged in drums for contract waste disposal.
’ I Sanitary wastes are piped to the existing Callery/MSA waste

Sl A deal, o s ae e
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CALLERY CHEMICAIL COMPANY _ .

treatment facility. Assessment of environmental aspects of the
NHC facility indicates that implementation of the design will
not represent a major environmental action and will not re-
quire an Environmental Impact Statement.

The incineration system design is the only significant
area of the facility that still requires further in-depth analy-
sis. Tests conducted at the facilities of John Zink Company,
Tulsa, Oklahoma verified the workability of the total waste in-
cineration/particulate collection concept. The overall size
and cost of the incineration system, however, has indicated a
need for further tradeoff analysis that would provide the en-
vironmentally acceptable emission control at lower overall cost.
Analysis of vapor vent streams indicates a potentially cost-
effective modification which would involve scrubbing and direct
flaring of selected vent streams, thus reducing significantly
the vapor load to the incinerator. Scrubber liquor would be
subsequently incinerated without significantly impacting in-
cinerator size or performance.

In order to meet the project objectives and to ailow
design implementation by options for the process demonstration,
low level production, and ultimate expansion to maximum design
capacity, the design approach was as follows. The initial de-
sign was developed for the 30,000 1bs NHC/yr maximum design
capacity. Using this full design equipment listing and related
drawings, that equipment and support necessary for process
demonstration and for low level production was identified. All
other equipment items and support facilities were then deferred
for installation under the option for expansion to 30,000 1bs/yr
design capacity. This approach provides an operable system for
meeting all of the project objectives.

During development of the facility design, a Design-
to-Cost Program was implemented to meet the government's intent
of developing a production facility to produce NHC at the lowest
unit production cost and with minimum investment cost consistent
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with technical limitations. The current in-depth analysis of
incineration system trade-offs is an example of Design-to-Cost
implementation. Detailed hazard analysis and design review by
experienced operating personnel were employed to assure in-
corporation of necessary safety features to minimize hazards

to plant personnel, equipment and the environment. A particu-
lar feature of the resultant facility design is the utilization
throughout of low pressure process operations to minimize toxic
exposure and explosion hazards. Principal hazards are those
resulting from process operations using flammable vapors and
liquids. Detailed review by insurance underwriters' engineering
staff was made to assure a design meeting industry safety and
fire protection criteria.

The body of this report and its listed documentation
provides all documentation relating to plant design (with the
exception of incinerator design details to be provided in a
later submission) and specifically includes design criteria,
data, calculation, drawings, layouts, equipment lists and
specifications, process description, flowsheets and material
balances, foundation investigation test results, off sites
layouts and connection points, access roads and grading re-
quirements. The design meets all applicable federal, state,
local and industry standards, codes and schedules and is con-
sistent with the requirements of the DOD Construction Criteria
Manual(1),

Due to the voluminous documentation which makes up
the total design package, this report contains only those princi-
pal documents which describe the NHC facility in broad terms
(process flow diagrams, engineering flow diagrams, plot plan, etc.).
The supplemental detailed design documentation listed in

(17bonstruction Criteria Manual, Department of Defense, DOD
4720.1-M, October 1, 1972.
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CALLERY CHEMICAL COMPANY .. . . . .

Appendix E will be maintained and made available for retrieval
as follows:

1) Copies of drawings and originals of all other
design documents and design calculations will
be stored and maintained by Dravo Corporation,
Chemical Plants Division, for a minimum of
five years.

2) Original tracings and copies of all other
design documentation will be stored and main-
tained by Callery Chemical Company, Division
of Mine Safety Appliances, for the .-1ife of
the NHC facility.

3) Record copies of all design documentation will
be maintained at not more than two Tocations
under the cognizance of the U. S. Army Missile
R & D Command, Redstone Arsenal, Alabama.

i
i
|
i
!
i
I
I
l
1
I
I
I
i
l
i
i
i
i




i

»

-l —

TABLE QF CONTENTS

SUMMARY

TABLE OF CONTENTS
LIST OF FIGURES
LIST OF TABLES
INTRODUCTION

DESIGN BASIS
General
B10 Process
NHC Process

PROCESS DESCRIPTION

General

B10 Production

NHC Production .

Utilities

Vent system and Waste Disposal
DESIGN IMPLEMENTATION

General

Process and Production Demonstration

Full Scale Expansion

HAZARD ANALYSIS
General
Reference Documents
Basic Considerations
Tank Farm (Area 11)
Orum Storage (Area 12)
Chanéz House (Area 15)
B10 Production Building (Area 30)
NKC Production Building (Area 40)
Utility Building (Area 50)
Incinerator (Area 60)

-7-

PAGE

10-A
10-8
1

13
13
14
20

25
25
29
34
37
39

47
47
47
53

56
56
56
57
66
66
67
67
70
A
72




TABLE OF CONTENTS (cont.)

PAGE
Yard Area iy
ENVIRONMENTAL IMPACT ASSESMENT 74
General 74
5 Summary of Environmental Aspects 74
. RAM ANALYSIS 79
A ' General 79
: RAM Analysis Summary 79
' PLANT PROCEDURES 81
Start-Up Procedures 81
Start-Up Checklist 84
Instrument Commissioning Checklist 84
Mechanical Equipment Checklist 85
Maintenance Procedures 86
Repair Parts 96

APPENDIX A - Tradeoff Calculation of Optimum :
Number of B10 Reactors ’

B10 Reactor Tradeoff

LIST OF FIGURES - Appendix A
Figure 1 - B2 Usage vs Feed Rate
Figure 2 - Cost Variation with Number of Reactors

LIST OF TABLES - Appendix A
Table 1 - Unit Product Cost Breakdown
APPENDIX B - Engineerina Flow Diagrams
APPENDIX C - Reliability, Availability, Maintainability
Analysis Report
Abstract
Table of Contents
Purpose
Summary
System Description

AW s

3 e - —~ O AU TP T 0 - ST % 0t e £ e i i e
.o . P
¢
’




oo -

TABLE OF CONTENTS (cont.)

APPENDICES
Subsystem Summary

APPENDIX D - Relief and Vent Sizing Calculations
APPENDIX £ - Design Document List

ADDENDUM 1 TABLE OF CONTENTS

INTRODUCTION AND SUMMARY

PROJECT MANAGEMENT RESPONSIBILITY
DESIGN BIBLIOGRAPHY

DESIGN PACKAGE CONTENTS

LATER APPENDICES

APPENDIX A - Design Bibliography

APPENDIX B - Design Document List

APPENDIX C - Illustrative Operating Procedures
APPENDIX D - Maintenance Procedures




Figure
Figure
Figure

Figure

Figure
Figure

Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

10
1
12
13
14
15
16

LIST

OF FIGURES

NHC Facility Block Diagram

Schematic Convection Loop Reactof

Typical Two-Stage Yield Variation
with Feed Rate

Overall Two Stage Yield-Feed Rate
Correlation

Stagewise Yield-Feed Rate Correlation

Variation of Yield and Production
for 3 -Stage 4" Unit Reactor

Block Diagram and Material Balance
for 4" 1D Unit B10 Reactor

Reactor Loop Assembly Elevation
MHC Facility Block Diagram
Plot Plan

Process
Process
Process
Process
Process
Typical

Flow
Flow
Flow
Flow
Flow
Full

of Flammable

Diagram B10 Production
Diagram NHC Production
Diagram NHC Purification
Diagram Utilities - 1
Diagram Waste Disposal

Scale Operating Inventories
Organics (in gallons) and

Toxic Boranes (In pounds)

PAGE

17

18
19

21

22
23
26
27
a2
43
a4
45
46

62




S

T o
[ 4

T e

Table
Table

Table
Table
Table

Table

Table
Table

LIST OF TABLES

Process Materials

Facility Requirements for Process and
Production Demonstration

Facility Requirements for Full Scale
Expansion

Hazard Characteristics of Process
Materials

Summary of Data, Diborane - Air System

Detonation velocities of various
mixtures at room temperature and
atmospheric pressure

Limits of Tetonability

NHC Facility Predicted Systems Avail-
ability Summary

- 10-8 -

PAGE
28

48
54
58
64
65
65

78




e o O ON eow N (TN

-4

g O Ooni o) eu e g Gug e !

CALLERY CHEMICAL COMPANY _... . .

INTRODUCTION

This technical report presents the final facility de-
sign under Contract DAAK40-76-C-1256 (Sequence No. A0O1 of Con-
tract 00 Form 1423). The design effort was conducted by Callery
Chemical Company and its principal engineering subcontractor
Dravo Corporation during the period from November 12, 1976
through August 31, 1977,

The report and its appended documentation provide the
engineering design for implementation of a low cost process for
production of NHC (n-hexyl carborane) meeting the following pro-
ject objectives quoted from Contract TR No. 6116:

“Design a modular carborane facility with

a maximum production capacity of 30,000 1bs
NHC per year. The facility shall have a

15 year economic life and its annual pro-
duction rate shall be based on an operating
year of 300 stream days. The n-hexylcarborane
(NHC) produced by this facility shalil conform
to the NHC specification Nr 1003, dated 14
Aug 74. The diborane feedstock shall be a
minimum of 96 weight % pure diborane in the
1iquid phase and shall contain no more than

a maximum of 2% noncondensables."

"Design and identify the minimum equipment
to demonstrate a low cost process to produce
NHC at a rate of 4000 1bs/300 stream days/
year and demonstrate this process. Existing
contractor equipment may be used to demon-
strate the decaborane to NHC conversion
process."”

“"Design and identify additional equipment
necessary to support low rate production of
9000 1bs of NHC per year based on 300 stream
days per year of operation."”

"Design and identify additional equipment to
expand production of NHC to 30,000 1bs/300
stream days/year."

-1]-
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CALLERY CHEMICAL COMPANY _. .

Callery's approach to meeting these objectives was
based primarily on prior process development studies and ex-
tensive commercial production experience with a variety of boron
chemicals, including NHC. This experience had demonstrated that
for any process involving boron hydride based materials safety
was of paramount importance, with operational feasibility and
cost following in that order. This philosophy, employed in all
of Callery's production operations, has resulted in over 11 years
of commercial operation with no lost time from accident or toxic
exposure.

Callery's selected process concept for low cost pro-
duction of NHC from diborane starting material involves two
major process steps: (1) conversion of diborane (B2) to deca-
borane (B10); and (2) conversion of B10 to NHC. At the outset
of this facility design effort, Callery had partially completed
a process development study, funded under Army Contract DAAK4Q-
75-C-1243, which provided a data base for design of the B2 to

1 B10 process step. This step involves vapor phase pyrolysis of
diborane at moderately elevated temperature (~200°C) and near
' atmospheric pressure (3-5 psig) in a unique convective circu-
Tation reactor. These process conditions meet the desired
sarety criteria and also provide a high B10 content solid pro-
l duct that does not require high vacuum sublimation purification.
The second process step, conversion of B10 to NHC,
I was developed by in-house Callery laboratory and engineering
studies from a laboratory recipe provided by the Army. These
l process improvement studies resulted in a commercial scale
‘ process with B10 to NHC yields of the order of 50 percent of
’ I' theory, compared with only 30-35 percent yield from the original
|
1
|
|

ety

— ey N OO O oN e W

lab procedure.
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CALLERY CHEMICAL COMPANY

DESIGN BASIS

General
The overall NHC facility design basis includes the
following items set forth in the Contract TR 6116:

The designed modular carborane facility
shall have a maximum production capacity
of 30,000 1bs NHC per year. The facility
shall have a 15 year economic life and its
annual production rate shall be based on
an operating year of 300 stream days. The
n-hexyl carborane /NHC) produced by this
facility shall conform to the NHC speci-
fication Nr. 1003, dated 14 August 74.

The diborane feedstock shall be a minimum
of 96 weight % pure diborane in the liquid
phase and shall contain no more than a
maximum of 2% noncondensables.

The design shall be such that the facility
constructed shall be in accordance with
all applicable federal, state, local and
industry codes, standards and schedules.

The contractor shall meter all utilities
used by the NHC facility and shall pro-
vide meters for this purpose separate
from his own meters.

Other technical requirements and criteria centered
around operational safety and environmental acceptability.
0f major concern with regard to these parameters is the B2 to
B10 process step which presents the principal toxicity exposure
hazard and environmental emission problems. In the B10 to NHC
process s.ep, the borane vapor toxicity hazard is essentially elimi-
nated by the first reaction step and thus from that point, the
principal hazards and emission control problems are those pre-
sented by flammable organic solvents.

The critical nature of the B2 to B10 process operations
requires that this process meet criteria developed from Callery's
long and successful experience in the manufacture of diborane
and diborane derived products. These criteria include:

‘ oS Aracer -
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CALLERY CHEMICAL COMPANY ___ .

1) Processing of diborane at relatively {
low temperatures and, more importantly,
at low pressures, preferably at slightly
above atmospheric pressure to prevent
air leakage into process equipment.

eliminate the need for difficult,
hazardous and costly cryogenic recovery
operations and to minimize emission con-
trol problems.

3) Diborane handling and processing operations
under conditions that minimize the physical
inventory of diborane and other volatile
boranes in the process area.

' 2) High ultimate conversion of diborane to

The selected B2 to B10 process meets these criteria

v and additionally provides a safety bonus by yielding a high

- B10 content solid product that does not require the high
vacuum sublimation purification typically required of B10 pro-

- duced by other routes.

B10 Process

The design basis for the B10 process was derived from
pyrolysis reactor development studies which provided yield-feed
rate data for both 1 in. and 2 in. ID reactor sizes and for both
single and two state operation. Figure 2 shows schematically
the arrangement of a single convective circulation reactor loop.

Diborane pyrolysis proceeds by a complex mechanism
involving a large number of both stable and transitory borane
intermediates. For example, Long (1970)! in a review of diborane
pyrolysis identifies at least 10 intermediate boranes and more
than 20 reaction steps that may be involved in formation of
decaborane. Decaborane and the polymeric hydride, (BH)x, are
solids at ambient temperatures and are thus readily isolated

«

1. Long, L.H., "The Mechanisms of Thermal Decomposition
of Diborane and of Interconversion of the Boranes",
J. Inorg. Nucl. Chem., 1970, Vol 32, pp 1097-1115

-14-
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CALLERY CHEMICAL COMPANY _ .

from the other volatile borane intermediates. Under pyrolysis
conditions above about 15°°C in the convective loop reactor,
ultimate products are pr marily B10 and (BH)x.

To avoid complications arising from reaction mechanism
interpretation, the experimental yield data obtained from the
reactor development studies were expressed in terms of the total
diborane feed, as percent of the simplified theoretical reaction

5BpHg —~ BygH14+8H2.

For this reaction, the theoretical yield of B10 is 0.88 1b of
B10 per 1b of B2. Thus, an éxperimentaIly reported yield of

50 percent would mean formation of 0.44 1b B10 per 1b of B2 fed
to the reactor.

Pyrolysis data correlation indicated that yields of
B10 and the undesirable co-product (BH)x are primarily functions
of B2 feed rate, pyrolysis temperature (measured as axial gas
temperature in the heater section) and the convective recircu-
lation rate. Feed rate and gas temperature are independent
variables while recirculation rate is a complex function of gas
composition, temperature and relative elevations of heater and
condenser.

Typical experimental B10 yield variation with B2 feed
rate is illustrated in Figure 3 for two stage operation of the
1 in. and 2 in. ID reactor combinations at similar pyrolysis
temperatures. It was also shown that by correlating B10 yield
with B2 feed rate expressed as 1b per hr ft? of heated reactor
surface, internally consistent correlation could be obtained
for both 1 in. and 2 in. scale reactors. Individual stages of
two stage operation were similarily correlated by making some
simplifying assumptions as to the composition of the second
stage feed and the relative split of (BH)x formed in each
stage. This method of data correlation is illustrated in
Figure 4 for overall two stage B10 yield and in Figure 5 for
individual stagewise B10 yield.

-4 oy SN OB OGN e SN O
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Engineering analysis of the experimental yield data,
overall B2 utiiization and other technical requirements resulted
in an optimum unit reactor configuration consisting of three

P stages of 4 in, Ig loops, having a nominal 48 in. long heated
section or 4.2 ft of heated surface. The variation of B10 yield
and production rate with B2 feed rate for this selected unit
reactor is illustrated in Figure 6. At the design feed rate of
0.84 b B2/hr (equivalent to 0.2 1b/hr ft ), the unit reactor has
the design capacity equivalent to 2500 1bs NHC/300 SD. Thus, for
30,000 1bs NHC/yr design capacity, 12 unit reactors in parallel
are required.

Selection of this optimum number of reactors wa§ based
on tradeoff analysis involving B2 utilization and capital and

R

—y euy 0 G M OGN WS D

operating costs of multiples of unit reactors operating at various
B2 feed rates. Details of this tradeoff analysis are given in

rr-
I

-

Appendix A.

The resulting design basis for the B10 process may be
summarized by the block diagram of Figure 7 which gives the cal-
culated material balance around a three stage unit reactor.
Engineering design of an individual reactor stage is shown in
Figure 8.

NHC Process

The design basis for the B10 to NHC process was derived

by scale-up of Callery's existing commercial production process.

Since early 1972, Callery has been producing NHC for government

usage. Starting with a laboratory recipe providec by the Army,

the process was tested at laboratory scale and subsequently scaled
to multi-pound batch production levels. In 1973 increased pro-
duction requirements led to an in-house study to improve process
yields and reduce costs. As a result of process modifications, NHC
conversion yield from B10 was increased from near 30 percent to near
55 percent. These improvements were incorporated into production
early 1974 with verification of yield improvement at nominally 16 1b
batch production levels. Over 300 lbs of NHC has been made by

gt

Callery's process, all of it meeting Army product specifications.
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CALLERY CHEMICAL CTOMPANY ..

In brief, crude NHC is produced by sequential batch-
wise solution processing, initially converting B10 to the sulfide
1igand with subsequent reaction with 1-octyne to obtain crude
NHC. Key parameters in achieving high conversion yield are
reactant and solvent ratios, addition rates and time-temperature
conditions. .

Subsequent process steps involve extraction of NHC
from its waste co-products with pentane, purification by aqueous
salt solution washing, solvent stripping and high vacuum dis-
tillation. To assure production of NHC with requisite pro-
pellant formulation and storage 1ife characteristics, all NHC
delivered for propellant usage has been doubly distilled with
an intervening heat soak or pyrolysis step. This requirement
has been incorporated into the facility design to assure pro-

duct quality.

Using the present Callery commercial process as the
design basis for the NHC process, the design yield based on the
simplified overall theoretical reaction

B1oH14%CgH14 ——- B1oH11C2CgH) 3+2H2

(B10) (1-octyne) (NHC)
is 52 percent, equivalent to 0.97 1b HNC per 1b B10. For the
30,000 1bs NHC/yr design, process batch size is set for pro-
duction of 100 1bs NHC per stream day, requiring 103 1bs B10/SD.
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CALLERY CHEMICAL COMPANY . __ .

PROCESS DESCRIPTION

General

The proposed facility will produce NHC at a rate of
30,000 1bs/yr starting with diborane (B2) and certain organic
raw materials and solvents. As illustrated in the process
block schematic, Figure 9, the facility consists of two principal
process areas, namely:

a. The B10 area in which B2 is converted
to B10 by continuous vapor phase
pyrolysis; and

b. the NHC area in which B10 is converted
to NHC by sequential batch solution
processing and purification.

Supporting facilities for the process operations in-
clude a drum storage area, tank farm, utilities area, vent system
and waste disposal area, and change house for the operating
personnel. Process areas and supporting facilities are arranged
for operating convenience and safety as illustrated by the plot
plan, Figure 10.

Off-site facilities connected to the production facility
include natural gas, electricity, telephone, potable and process
water, fire water, sanitary sewers and diborane supply. These
off-site requirements are provided by appropriate connections to
existing facilities of the Callery/Mine Safety Appliances Company
plant. Incinerator quench water requirements will be provided
by connection to a well to be drilled near the present Calliery/
MSA main electrical substation. Sanitary wastes are piped to
the existing Callery/MSA waste treatment facility.

Raw Materials and Storage

Principal raw materials and solvents are listed in
Table 1 along with some pertinent physical properties. Material
usages are shown on the process flow diagrams, Figures 11 through
15, which follow the process description.
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TABLE 1: PROCESS MATERIALS

ouwni GEAN @AWW e Geass  Guag

Specific Melting Boiling ,
Gravity Point Point :
Material State (Water-1.0) (oF) (OF) 1
B2 (Diborane) G --- -266 -134
B10 (Decaborane) S --- 211 416
) R-1 (Dibutyl Ether) L Q.77 -13% 286
R-2 (Dioxane) L 1.03 50 214
R-3 (Dibutyl Sulfide) L 0.84 -112 360
R-4 (Pyridine) L 0.98 - 44 240
f 1-0ctyne L 0.75 -110 260
Acetone L 0.79 -138 134 :
Methanol L 0.79 -144 148 5
l Hexane L Q.66 -140 156
t Pentane L g.63 -202 97
! I NHC (n-hexyl carborane) L 0.89 - 76 ---

T
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Drummed raw material will be stored in the drum storage
area and transported by fork truck to centralized transfer
stations adjacent to the B10 and NHC process areas. In-plant
storage of drummed material provides for 30 days operating supply.

Bulk storage material will be received by tank truck,
nominally 4000 gallons per delivery. These materials are stored
in the tank farm area and piped to the appropriate usage points.

Miscellaneous materials, such as cooling tower and
boiler water treatment chemicals, are stored in the drum storage
area. As required, these materials are weighed out in the drum
storage area and either hand carried or fork truck carried to
the users.

B10 Production

Conversion of diborane (B2) to decaborane (B10) is
effected in a paraliel group of three stage convective circu-
Tation type reactors. Each reactor consists of three loops con-
nected in series, each loop of which is a stage and consists of
a vertical heating and a vertical cooling section connected at
their tops and bottoms. The heating and cooling sections are
arranged to induce a recirculation of the vapor in each loop.

The recirculation rate is approximately 15 times the feed rate.
The reactor is started up, after purging with nitrogen, by
feeding nitrogen at a controlled rate to the first stage and
bringing the heater and cooler sections to operating tempera-
ture. When the unit is at temperature, the nitrogen flow is
replaced by diborane. The diborane is heated and partially
converted to B10 and other boron hydride polymer in the verti-

cal section (4 in. diameter by 4 ft long) of the stage by an
electric heater. The temperature of the material at the top

of the heating section is approximately 410°F (210°C). It is ]
cooled by ambient conditions in the top horizontal run section
to 180-200°F and then enters the top of the vertical cooling
section. This cooling in the horizontal section allows poly-
meric boron hydrides to solidify out while the B10 remains a
vapor.

-29-
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In the second vertical section of the loop, the B10 is
desublimated by chilled cooling water. This condensing section
has a motionless mixer which may be either continuously or
periodically rotated to dislodge solid B10. The vapor leaves
the condensation section at 54°F (12°C), part recycling to the
first stage heater and part proceeding to the second stage.
Solid B10 falls to a collection hopper. The collection hoppers
are portable containers sized to handle the B10 produced be-
tween washouts of the loop as described below.

The boron compounds proceed through the second and
third stages in the same manner as the first stage. These stages
are identical in construction and similar in temperature profile
to the first stage. The exit vapor from the third stage is ex-
hausted through one of two micrometallic filters to a B10 vent
header which discharges to the waste incineration system. Two
vapor filters are provided to insure completion of a cycle with-
out shutdown due to a filter being loaded. Provision is made
so that in the event the on-stream filter becomes loaded, it can
be pulsed with nitrogen and the solids blown back to the loop.
In the event this does not clean the filtering surface flow can
be switched to the second unit, the first unit purged and the
unit removed for cleaning with solvent. After cleaning, the
unit can be reinstalled, purged with nitrogen and then put back
into- operation when needed. At the completion of the reactor
cycle, this filter can be washed in place along with the re-
actor loops.

At the end of a loop run, the loops undergo a purging
procedure. The purging operation of a reactor consists of
several steps. First, the diborane flow is shut off and replaced
by nitrogen at a rate twice that of the diborane flow. The
heating and cooling sections are maintained at their operating
temperatures to provide recirculation. The gases from the third
stage are discharged to the B10 vent header. This operation is
continued until the reactive materials have been displaced by

-30-
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nitrogen. During the latter part of the purge, the heater is
then turned off and the hot section down to ambient temperature.
The hopper connection is purged by closing the valves between
the loops and the hoppers, then connecting the distance piece
between the valves to the high velocity vent header which dis-
charges to the incineration system and purging with nitrogen.
After the nitrogen purge, the connection is broken and a suction
maintained on the opening by the blower in the high velocity
vent header system until the opening is blanked off.

After this purging operation, the hoppers containing
the product BI0 are transferred by means of a 1ift truck to a
weight scale. After weighing, they are transferred to and
emptied into a dissolving tank. After the B10 in the portable
hoppers is dumped into a dissolving tank, Reagents R-1 and R-2,
which have been pumped from their respective drums into measuring
pots, are added. The solution is agitated for at least 15 minutes
with low pressure steam maintaining the temperature at 100°F. A
sample is taken of the solution which has been proportioned to
have a slight excess of B10. After the sample is analyzed, R-1
and R-2 are added to bring the final solution to the proportions
based upon the total B10 availablie.

Also after the purging operation, the loops undergo a
two step washing operation. In the first step, the loop system
is flooded with hexane, which is added from a charging tank, to
dissolve B10 still c¢linging to the walls of the loop. Venting
of the system is accomplished through the three lines at the
mixers. Nitrogen is bubbled through the system to aid in dis-
solution. After one-half to one hour of agitating the hexane,
the hexane is drained and pumped through a micrometallic filter
to extract undissolved (BH), impurities into the hexane hold
tank. Makeup hexane is added to the hold tank from drummed
material.

When the hexane wash stream has become saturated with
B10 (4% by weight), the hexane is diverted to the wash system

-31-
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kettle. Approximately 67 gallons of saturated hexane can be
processed at one time. This amounts to approximately one-half
the volume of hexana in the hold tank and approximately 33 per-
cent more than the volume required for washing a loop. The
temperature is kept low (102°F) to prevent degradation by main-
taining a pressure of 5 psia Product hexane is condensed in a
water cooled exchanger and collected for transfer back to the
hexane hold tank. Uncondensed vapors are pulled through a cold
trap maintained at -108°F (-78°C) before venting. After most

of the hexane is boiled off, the unit is shut down until the
next batch must be processed. The residue from several batches
is collected in this kettle. After the hexane boil off from the
final batch, the pressure can be reduced to 3 psia and more
hexane removed. The recovered hexane is then pumped to the
hexane hold tank, and the pressure is reduced to a vacuum of 1
mm Hg absolute and the solid B10 reduced to dryness. The dry
B10 remaining in the kettle is slurried with R-1 and R-2 and
sent to the NHC system. The bulk of the hexane is removed in
about one hour, and the total kettle time per batch for the last
batch is approximately three hours.

The second solvent wash step uses a combination of
methanoland acetone in equal proportions. Methanol and acetone
are added from their respective tanks to an agitated tank for
mixing. When the hexane has been drained from the pyrolysis
loop, the methanol-acetone mixture is added to dissolve the
(BH)X. After a procedure similar to the hexane dissolution,
the methanol-acetone solution is pumped to the process drain
tank for disposal by incineration. Two or more methanol-acetone
washes may be required for each loop wash depending on the amount
of polymer present.

When the reaction of BI0 with R-1 and R-2 in the dis-
solving tank is completed, the reaction product is transferred
by means of nitrogen pressure to the dissolver filter. This is
a micrometallic type filter in which any polymer present is
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filtered out. The filtrate from the filter is collected in the
dissolver product received. The filter also drains into this
receiver. When a day's production is collected in this re-
ceiver the material is pumped to the dissolver surge tank in the
NHC system. Since the volume transferred is relatively small
compared to the holdup in the line, the transfer line is so
arranged that there is a short vertical run of pipe above the
pump which connects to a long horizontal run of pipe to the

surge tank. This horizontal run is sloped toward the surge tank.
At the intersection of the vertical and horizontal runs a nitro-
gen connection to supply nitrogen for blowing all the liquid in
the horizontal run to the surge tank and all the liquid in the
vertical run into the dissolver product receiver. This not only
provides for transferring a full NHC feed batch but prevents any
possible hydrogen formation which may occur when the solution
sets for a period of time from collecting in the 1ines. Hydrogen
formation, therefore, is limited to the two tanks which are pro-
perly vented for this.

A filter wash system is provided for washing the polymer
from the dissolver and borane filters. This consists of a filter
wash tank and filter wash recirculation pump. The wash tank is
charged with methanol-acetone solution, Before use, this wash
solution is chilled in this tank to 50°F by means of chilled
water. This is necessary to prevent overheating this wash liquor
from the exothermic reaction which occurs when the polymer on the
filters reacts and dissolves in the wash liquor. The chilled
wash liquor is recirculated for the wash tanks through the filter
and back to the tank until all the polymer is removed. This re-
quires several minutes. The wash liquor flow through the filter
is opposite of that of the feed so a backwashing effect is ob-
tained. When washing is complete the filters are drained and then
purged with nitrogen. The spent wash liquor is then transferred
to the process drain tank for disposal by incineration. Each
filter is washed after each batch of dissolver product or hexane

T B T
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loop wash batch is filtered. The filters are washed on alter-
nating three hour cycles.
NHC Production

The production of n-hexyl carborane (NHC) from deca-
borane (B10) is undertaken in a two-step batch reaction. Dis-
solved B10 from the dissolver and from the hexane wash kettle
is received in separate agitated surge tanks. The dissolver
product surge tank holds one day's production of B10 material
in solution. The wash product surge tank holds one wash kettle
product batch (based on three wash kettle batches of 67 gallons
each every five weeks being evaporated to dryness, dissolved in
R-1 and R-2 then transferred to the surge tank). The wash pro-
duct material is blended as desired with the dissolved material
to make up an R-3 reactor charge. A nitrogen blanket at 6 in.
H20 is maintained on the surge tanks and R-3 measuring pot.
Level gauges are used to measure the quantities of fluids in
the surge tanks and R-3 pot which are the feed materials for
the R-3 reactor. One day's production of B10 constitutes an
R-3 reactor batch.

The B10 solution is first added batchwise to the R-3
reactor. Fifty percent excess R-3 is then added also batchwise.
The nitrogen bianket which is displaced during charging and the
hydrogen evolved during the reaction is vented to the NHC vent
header. The reaction is slightly exothermic. Cooling water in
the jacket of this agitated vessel is used to control the re-
action temperature of 100°F. After holding the reaction pro-
ducts in the R-3 reactor for the remainder of a 24 hour day,
they are pumped to the NHC feed pot. The reaction occurs over
the total 24 hours.

This pot and the R-1 and l1-octyne measuring pots are
also blanketed with nitrogen at 6 in. H20. The 50 percent excess
R-1 and 50 percent excess 1-octyne are measured ard gravity fed
into the NHC reactor. NHC is produced as the previous reaction
product is slowly added over a period of 2 hours. During this
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time period, a small quantity of steam is supplied to the jacket
to maintain the temperatures of the batch at 266°F. Hydrogen
is evolved during the reaction and flows through the NHC con-
denser, where condensables are condensed out and refluxed back
to the reactor, to the incineration system via the NHC vent header.

The kettle is then held for an additional hour at 266°F
and under total reflux to complete the reaction. The reactor is
then evacuated to 2 mm Hg, and the temperature maintained at 266°F.
The vapor, which is primarily R-1, R-2 and excess l-octyne, which
is evolved during this step is essentially all condensed in the
NHC reactor condenser. Boilup is carefully controlled because
of a foaming problem. A sight glass is provided in the vapor line
to detect foam formation. The condensed fluid flows by gravity
to the reaction waste receiver while the small amount of nor-
condensables are pulled through the reaction cold trap filled
with dry ice and methanol at -108°F (-78°C) by the vacuum pump.
The exhaust from the reaction vacuum pump goes to incineration
system via the vent header while the condensed fluid in the re-
action waste receiver and reaction cold trap is pumped to the
process drain tank from which it is also disposed of in the in-
cineration system.

The product solution left in the NHC reactor is dropped
into the planetary mixer. Nitrogen pressure aids in the flow of
this viscous solution. While the solution is in the planetary
mixer, R-4 from a measuring pot is slowly added. Cooling water
in the jacket of the mixer keeps the contents below 113°F (45°C)
while the mixer establishes good contact. The NHC vent system
removes flammable vapors of this and succeeding steps. Two hours
after the R-4 has been added, pentane extraction of the NHC is
started. Four separate successively smaller additions of pentane
are used to extract the NHC. After each addition, the top layer
of pentane and NHC is pumped to the NHC wash tank; the final
residue is pumped to the process drain tank after thinning with

-35-
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toluene. The addition pots have a nitrogen bienket and "breathe"
similarly to the previous pots.

The NHC-pentane solution is washed in the NHC wash tank
by caustic and salt solutions. Each wash includes addition of
the sodium solution plus a volume of process water approximately
equal to 75-80 percent of the wash solution. Two additions of
8 percent caustic solution are prepared by diluting 50 percent
caustic in the caustic dilution tank. Two additions of 5 per-
cent sodium chloride are prepared by dissolution in the salt di-
lution tank. Each addition of wash solution is followed by 15
minutes of agitation and 15 minutes of settling. Then the bottom
layer is drained through a flow glass to the wash recycle pump
which discnarges it to the process drain tank. As the change in
phase is observed in the flow glass, the fluid- is diverted to the
NHC wash hold tank so that it may be recycled. After the four
washes, the NHC-pentane solution is pumped to the NHC purification
system. Provision is made so that the second washes of both brine
and caustic can be transferred to the measuring pots for use as
the first wash if desired.

The NHC purification system consists of an atmospheric
batch distillation unit and two vacuum batch distillation units,
one of which is a spare. The atmospheric distillation unit con-
sists of the hot water heated NHC purification kettle, a packed
tower, condenser and receiver. The bulk of the pentane is dis-
tilled off in this unit which operates at a kettle temperature
of 100 to 140°F and a reflux ratio of one to one. Distillation
time is 5 hours. The recovered pentane product which has been
cooled to 70°F in the condenser, is collected in the pentane re-
ceiver from where it is pumped back to the pentane storage tank.

The residue from the atmospheric distillation which
consists of NHC, pentane, and side products is transferred to
one of the vacuum distillation units for the final purification
step. This is a high vacuum system consisting of anelectrically
heated kettle, low pressure drop packed tower, condenser, reflux

-y
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splitter, receivers, cold trap and vacuum pump. In this unit,
the temperature in the still is gradually increased, the
pressure gradually lowered. The first overhead cut is a
waste cut which contains pentane and other low boiling
compounds. This is collected in the waste receiver from which
it is pumped to the process drain tank. The second cut is a
forecut and contains considerable product NHC. It is held in
the forecut hold tank for recycling back to the kettle for
processing in the next batch. The third cut is product NHC
and is collected in the product receiver. The evaporation
is terminated when the temperature is 3929F (200°C) and
pressure is 1/2 mmHg. absolute. The purification vacuum pump
used in the evacuation is protected from harmful vapors by
pulling them through a cold trap filled with dry ice and
methanol at -1080F (-789C).

The residue in the NHC purification still is pumped to
the process drain tank for incineration. Toluene aids in
this cleaning. Product NHC is transferred by nitrogen
oressure and gravity flow to a 55 gallon drum before shipment.

Provision is made for transferring the overhead product
streams to the spare still in the event further processing is
required.
Utilities

Utilities supplied to the plant will be electric
power, natural gas, fuel o0il, city water and quench water,
The supply systems for these utilities, along with the
sanitary sewer system, are shown on Engineering Flow
Diagram CPD-2739-117-201 (Appendix B). The city water will
be Evans City water. [t will be supplied to the plant from
the two existing eight inch lines supplying the Callery
plant from the existing reservoir. This water will be used
for fire-water, service water and potable water. Evans City
water will be at ambient temperature and has the following
analysis:

-37-




incinerator

11 be supplied
1 has a

l CALLERY CHEMICAL COMPANY __ __ . .
I Date Sampled 11-23-76
Log No. 76- 3315
| pH 7.8
Acidity to PHT, mg/1, CacCoO 4
Alkalinity to M.0., mg/1, CaCO, 30
l Total Solids, mg/} 222
Suspended Solids, mg/] 6
Dissolved Solids, mg/1 216
. Total Hardness, mg/1, CaCO 112
Calcium Hardness, mg/1, CaaO 74
i Magnesium Hardness, mg/1, Ca603 38
l Chlorides, mg/1, C1 30
Sulfates, mg/1, SO4 4]
l Total Sulfur, mg/1,SO4 62
CoD, mg/1 0
Total Phosphorous, mg/1, P 0.165
| fron, mg/1, Fe 1.02
Total Chromium, mg/1, Cr 0.00
Hexavalent Chromium, mg/1, Cr 0.00
; ' Total Carbon, mg/1, C 19
. Inorganic Carbon, mg/l1, C 13
Total Organic Carbon, mg/1, C 6
l A new well will be installed to supply the
quench water required for this plant.
l Natural gas will be supplied from the existing 25 psig
supply header and has a heating value of 1050 BTU/cu.ft. Natural
‘ l gas will be used for pilots. Heating requirements wi
' by electric power or by No. 2 fuel o0il. This fuel oi
l sulfur content of .5 to 1% by weight.
Electric power is available at 8320 volts, 60 cycle
. from the existing Callery main transformer substation.
; l Utilities generated in the plant are:
b 100 psig instrument air
i
" ' (used also for plant air)
\ 30 psig nitrogen
' l 45°F chilled water
] 85%F cooling water
l Process water at ambient temperature
’ (city water from break tank)
i l 50 psig (sat.) steam
{ -38-
E T e - e ey
. s - vew v wrrw-viz i ,_ﬁ.,} Irv._ — . . ""*A__‘“




CALLERY CHEMICAL COMPANY ___ . . .. R, - ~

Y
p

Vent System and Waste Disposal

Since the raw materials used and products generated in
this facility are hazardous from both toxic and flammable aspects,
a waste system has been developed to incorporate the various
materials. The collection of wastes is divided into liquid and
vapor streams and further subdivided as follows.

The vapor streams are divided into four categories
depending upon location and usage. In the B10 building, there
are three vent headers. The B0 vent header receives exhaust flow
from the third stage of the pyrolysis reactors as well as reliefs
from the reactors and flows where B10 and solvents R-1 and R-2
would be disposed of. The vent header is routed to Seal Pot-1
which contains Drakeol 6 at a level to maintain 6" W.C. back-
pressure. The vapor sparges through the liquid and exhausts to
the thermal oxidizer of the incinerator. Excess flow into Seal
Pot-1 would create enough pressure to divert the excess flow to
Seal Pot-2 and overcome its backpressure of 12" W.C. Seal Pot-2
also contains Drakeol as the immersing fluid.

The wash vent header accepts vapors from the reactors
when they are being washed, the solvent washing system, and the

"KLY

hexane recovery area. This equipment contains hexane, methanol, or
acetone. The vapors in this vent header are separated from the
310 vent header to preclude the solvent vapors from entering the
reactors and creating an organic-boron vapor. The solvent tanks
are padded with nitrogen at 6" W.C. and exhaust upon overcoming
the pressure setting of the outlet PCV. Evacuation of the wash
system and washing of the reactors releases vapors directly into
the header. This header discharges into Seal Pot 3. A Drakeol
seal is also provided in this seal pot which maintains the header
under a 6" W.C. pressure. Flow to the thermal oxidizer and Seal
Pot 2 is the same as for Seal Pot 1. Seal Pot 2 vapor goes to
an emergency flare stack.

The third vent system in the B10 building and which is
also in the NHC building is the high velocity vent system. The

Rt et A e A a0l adenil o i el e i ey
- mm—

PLE -




r""''::'"'"'''--lllllE==:=:z=::uun||--.---..............____________________________Ir

CALLERY CHEMICAL COMPANY . .- - . . - S -

i
l makeup air for incineration in the thermal oxidizer is provided
by a blower which preferentially withdraws from the discrete
l nozzle connections. Additional air is provided from the atmos-
phere for proper combustion in the thermal oxidizer. To prevent
any air leakage, the B10, NHC and wash vent headers are maintained
l at 6" W.C. by the addition of nitrogen through a pressure controller
to each header.
' A separate vent header for the NHC building is the NHC
vent header. Nitrogen padded equipment and all relief valves
l exhaust into this vent header. This header, in turn, is sparged
into Seal Pot 4 which is also maintained at 6" H20 back pressure by
l a Drakeol seal. The seal pot is tied into Seal Pot 2 and the
incinerator similarly to Seal Pots 1 and 3.
l Liquid feed to the incinerator can be either aqueous or
completely organic. Organic feeds are collected in the process
drain tank and consist of dissolved boranes in methanol-acetone,
I condensed wastes from evaporations, residues from operations which
may have toluene added to improve fluidity and overflows and drains
l from the seal pots. The waste.stream is pumped from the underground
process drain tank to the thermal oxidizer.
l The aqueous drain tank collects aqueous wastes from the
caustic and brine washes of NHC and the two building sumps. Trans-
' fer to the incinerator is identical to the organic system.
Aqueous floor washings are collected in sumps from the B10 building
' and the NHC building and pumped as desired to the drain tank.
Vapors from the organic waste tank is reintroduced into Seal Pot 1
while vapors from the aqueous tank is introduced into Seal Pot 4.
‘ Level indicators and alarms are provided in the seal pots and
incinerator tanks. Pumps are manually operated as desired.
l A1l the waste streams from the seal pots and collection
tanks are reduced to a ventable gas stream or a disposable solid
' in the incinerator unit. This unit consists principally of an
oxidizer section, a cooling or quenching section, a bag house,
l vent stack and an emergency flare stack. It is necessary whenever
boron is being disposed of to always have a caustic stream also
i
|
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fed to the oxidizer so that the boron is converted to a
recoverable solid (sodium borate).
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DESIGN IMPLEMENTATION

General

According to the contract requirements, implementa-
tion of the NHC facility design will be accomplished by staged
construction to allow (a) process demonstration, (b) low level
production demonstration and (c) full scale production. The
construction necessary for (a) and (b) will be accomplished
concurrently and will include installation of only that equip-
ment and necessary supporting facilities to demonstrate the
process demonstration and to support low rate production. The
final construction stage will include installation of additional
equipment to expand production to the design rate of 30,000 1bs.
NHC/yr.

Scheduled design impliementation is described in the
following paragraphs, listing that equipment and supporting
facilities required for process and production demonstration
and for expansion to full scale production.

Process and Production Demonstration

Equipment to be installed under the concurrent con-
struction for process and production demonstration is listed
in Table 2. Supporting facilities and operational modifications
imposed by the limited construction are described below.

B10 Production - A total of four B10 reactors will be
installed with the minimum structure for housing the reactors.

Hexane recovery eguipment will not be installed but structure

for this part of the process will be erected. B10 collection

and dissolving aquipment to support the four reactors will be

installed. Reactor wash solvents will be charged from drums.

Deferred installation of hexane recovery equipment results in

hexane usage on a once-through basis with wash solvent and B10
washed from the reactors being incinerated.

-47.
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TABLE 2 - FACILITY REQUIREMENTS FOR PROCESS AND PRODUCTION DEMONSTRATION

Reqd. for Added for

Item No. Description
B10 AREA:
35208 R-1 Measuring Pot
35209 R-2 Measuring Pot
35252 -1, 2, 3 Product Receivers
35252 - 4, 5, 6 Product Receivers
35252 -7, 8, 9 Product Receivers
35252 -~ 10, 11, 12 Product Receivers
35253 Filter Wash Tank
35254 Hexane Charge Tank
35255 Methanol-acetone Charge Tank
35259 Dissolver Product Receiver
36202 B10 Dissolver
36215 - 1, 2 Reactor Loop, First Stage
36215 - 3, 4 Reactor Loop, First Stage
36216 - 1, 2 Reactor Loop, Second Stage
36216 - 3, 4 Reactor Loop, Second Stage
8207 -1, 2 AEaLior Luup, Tnird Siage
36217 - 3, 4 Reactor Loop, Third Stage
36201 Methanol-acetone Agitator
39202 B10 Dissolver Agitator
41201 Hexane Orum Pump
41207 R-1 Drum Pump
41208 R-2 Drum Pump
41215 Wash Discharge Pump
41211 Hot Water Pump
41250 Qissolver Receiver Pump
45205 Dissclver Filter
45206 - 1, 2 Product Yent Filters
252C6 - 3, ¢ Product VYent Filters
452176 - 5, 6 Product Vent Filters
345206 - 7, 8 Product Vent Filters
47203 Condensate Return Unit
47208 Product Scale
49201 Hand Truck
13007 Hsist
43002 Hopper Dumper
50201 Purge Blower

Process Production

Demo. Demo.
X
X
X
X

X

X
X
X
X
X
X
X

X
X

X
X

X
X
X
X
X
X
X
X
X
X
X
X

X

X
X
X
X
X
X
X




TABLE 2 - FACILITY REQUIREMENTS FOR PROCESS AND PRODUCTIQON DEMONSTRATION

Reqd. for Added for
Process Production
Demo. Demo.

(continued)

[tem No. Description
NHC AREA:
31206 NHC Reactor Condenser
31207 Pentane Condenser
32201 Pentane Purification Tower
35216 R-3 Measuring Pot
35217 R-1 Measuring Pot
35218 Octyne Measuring Pot
35219 Reaction Waste Receiver
35220 Reaction Cold Trap
35221 R-4 Measuring Pot
35222 Pentane Measuring Pot
35223 Toluene Measuring Pot
35224 Toluene Measuring Pot
35225 Caustic Measuring Pot
35226 Salt Solution Measuring Pot
38227 MUC Durifization Yottlc
35238 NHC Wash Hold Tank
35239 Pentane Receiver
36206 NHC Reactor
36207 Salt Dilution Tank
36208 NHC Wash Tank
36209 Caustic Dilution Tank
36210 Oissolver Surge Tank
39206 NHC Reactor Agitator
39207 Salt Oilution Agitator
392n8 NHC Wash Agitator
39209 Caustic Dilution Agitator
39210 Dissolver Surge Agitator
41297 R-1 Orum Pump
41209 R-3 Orum Pump
41210 R-4 Orum Pump
1121 Octyne Drum Pump
41212 Caustic Orum Pump
41219 Reactor Waste Pump
41220 Initial Wash Pump
41221 Caustic Transfer Pump
341222 Salt Transfer Pump
41223 Secondary Wash Pump
41224 Residue Pump
41225 Product Pump
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TABLE 2 - FACILITY REQUIREMENTS FOR PROCESS AND PRODUCTION DEMONSTRATICN
(continued)
| Reqd. for Added for
Process Production
Item No. Description Demo. Demo.
! 41234 NHC Wash Recycle Pump ’ A
41235 Pentane Transfer Pump X
41236 Forecut Pump X
41248 NKC Purification Pump X
41246 Filter Wash Pump X
42204 Reaction Vaccum Pump X
45202 Planetary Mixer X
47203 Condensate Return Unit X
47210 NHC Vacuum Distillation Unit X
48201 Product Scale X
! UTILITY AREA:
35231 Water Break Tank X
41227 B8lowdown Pump X
42203 Instrument Air Comoressor X
42208 Breathing Air Compressor X
44202 A Process Boiler X
44202 C Blowdown Tank X
4720 Water Treatment Unit X
47202 Boiler Treatment Unit X
47204 Ceaerator X
47206 instrument Air Oryer X
[}
[NCINERATOR:
35236 Seal Pot #1 X
35237 Seal Pot #2 X
35257 Seal Pot #3 X
35258 Seal Pot #4 X
41228 - 1, 2 Quench Water Pumps X
41229 Orain Tank Pump X
41230 , Incinerator Feed Pump X
41233 Process Water Pump X
\ - 41243 Aqueous Urain Pump X
\ 41244 Aqueous Incinerator Pump X
44204 Incinerator Unit X
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TABLE 2 - FACILITY REQUIREMENTS FOR PROCESS AND PRODUCTION DEMONSTRATION
(continued)
Reqd. for Added for
Process Production
[tem No. Description Demo. Demo.
! TANK FARM AND YARD:
. 35232 Process Crain Tank X
35250 Aqueous Drain Tank X
41232 - 1, 2 Cooling Tower Pumps X
44203 Cooling Tower X
47207 Nitrogen System X*

DRUM STORAGE:

48209
49201A
492C1

*Leased [tems

Scale X

Fork Truck Orum Attachment X

Fork TrucR.;_ X*
-51-
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NHC Production - The complete NHC building structure
will be constructed but several equipment items are deferred for
installation under full scale expansion. Installation of the R-3
reactor is deferred with both the R-3 reaction and the NHC reaction
being accomplished in the NHC reactor. The B10 dissolved in R-]
and R-2 will be transferred from the dissolver surge tank. The
B10 solution is then metered to the NHC reactor with R-3. After
completion of the R-3 reaction, the R-3 reaction mass is removed
and held in the NHC reactor feed pot. After addition of R-1 and
octyne to the NHC reactor, the R-3 reaction mass is slowly added
while bringing the mixture to reflux temperature,

After completion of the NHC reaction, further processing
steps and equipment are those for full scale operation through the
initial NHC purification. Pentane stripping and recovery equipment
is installed but will be operated at reduced recovery efficiency
with condenser cooling by cooling water rather than chilled water
(chilled water system deferred to full scale expansion). Final
purificatiqn will be accomplished in only one vacuum distillation
unit with installation of the second vacuum distillation unit
deferred to full scale expansion.

Utilities Area -~ An electric process boiler will be
installed with deaerator, chemical treatment unit and blowdown
separator. The breathing air and instrument air compressor and
dryer will be installed. The building structure will be built to
house all of the equipment necessary for full scale operation.

Equipment installation deferred to full scale expansion includes
the building heat boiler and the chilled water system.
Tank Farm and Yard - None of the bulk storage tanks will

be installed, with all materials being received and stored in drums.
The only pad to be installed will be for the leased nitrogen system.

Pipe racks will be sized and located for full scale production
but piping installation will be only that required for the low
level production equipment. The cooling tower and pumps will be
installed.

-52-
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Drum Storage - Only the foundations and floor slab of
the drum storage building will be installed. Drums will be stored
on the slab under tarpaulin cover. The fork truck for handling
materials will be rented, but the drum handling adapter will be
purchased.

Change House - The change house will be deferred until
full scale expansion. Temporary facilities for personnel will be
provided by a leased change trailer fitted with extra lockers
for clothing.

Site Preparation - The entire site will be prepared,
including all roads and underground services.

Incineration System - The full scale incineration system
will be installed, including seal pots, waste tanks and feed pumps.
Full Scale Expansion

In the previous section, equipment and facilities necess-
ary to conduct the process and production demonstrations and to
support low level NHC production were identified. Under full sczle
expansion, the additional equipment and supporting facilities to
expand the plant to full 30,000 lbs. NHC/yr. will be installed.
This additional equipment is listed in Table 3.

Full scale installation of equipment within the B10 and
NHC process areas will require a complete operational shutdown
of approximately four months. Process areas and equipment used
for demonstration and initial low level production will be cleaned,
purged and tested for absence of fire or toxicity hazard prior
to initiation of expansion construction work.

t~ o oeowm EE G == N G &8
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TABLE 3 - FACILITY REQUIREMENTS FOR FULL SCALE EXPANSION

1TEM NO. DESCRIPTICH
B1o AREA .
31205 Hexane Condenser
7 35212 R-1 Measuring Pot
N 35213 R-2 Measuring Pot
‘ 35214 Hexane Recovery Receiver
435215 Wash System Cold Trap
35241 Hexane Hold Tank
35252 - 13 through 36 Product Receivers
. 35233 Filter Wash Tank .
35260 Wash System Receiver .
36201 Methanol-Acetone Tank - '
36204 Wash System Kettle
36215 - 5 through 12 Reactor Loop, First Stage
36216 - § through 12 Reactor Lcop, Second Stage
36217 - 5 through 12 Reactor Loop, Third Stage
39204 Wash System Kattle Agitator
41213 Methanol-Acetcne Pump
41217 . Hexane Recovery Pump
41237 Hexane Trans¥er Pump
41215 - ¢ Wash Discharge rFump
41253 - 1 Hexane Wash Discharge Pump
41253 - 2 Hexane Wash Discharce Pump
42201 Borane Polymer Filter
42206 Spare Vacuum Pump
45201 Borane Polymer Fiiter
45206 - 9 through 24 Product Vent Filters
41248 Filter Wash Pump
41251 Wash Receiver Pump
NHC AREA
r 36205 R-3 Reactor
: 36212 Wash Product Surge Tank
39205 R-3 Reactor Agitator
39212 Wash Product Surge Tank Agitator
41218 R-3 Reactor Pump
. 35224 Toluene Measuring Pot
: 41224 Residue Pump
B 41225 Product Pump
41236 Forecut Pumo
< 47210 - 2 NHC Vacuum Distillation Unit
oL 35207 NHC Reactor Feed Pot
L
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TABLE 3 - FACILITY REQUIREMENTS FOR FULL SCALE EXPANSION (continued)

ITEM NO. ' DESCRIPTION

UTILITY AREA
44201 Chilled Hater System
I 44208 _ Heating Boiler .
' 35261 Chilled Water Expansion Tank '
41254 Chilled Water Pump

. TANK FARM AND YARD

' 35202 _ Methanol Storage Tank
H - 35203 Acetone Stcrage Tank
35204 | Pentane Storage Tank
35205 Toluene Storage Tank
. 35206 Fuel 0i1 Storage Tank
E 41202 Methanol Storage Pumo ]
) 41203 ' Acetone Storage Pump '
f 41204 Pentane Storage Pump
: 41205 Toluene Storage Pump
41206 - 1, 2 Fuel 011 Storage Pump
© 47207 : Nitrogen System

Drum Storage "
49201 Fork Truck

T Py a
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HAZARD ANALYSIS

General

At the onset of the design effort, review of the
potential safety hazards presented by the various materials
being processed and process conditions was made to provide
criteria and general requirements in terms of the following
basic areas:

1. Toxic hazard to personnel

2. Process hazards

3. Electrical classification

4. Fire protection

As the design developed, the hazard analysis was
updated and refined to provide input for such areas as
building design requirements, building and equipment layouts,

AN T A——

relief and vent sizing,sarety equipment requirements and

locations, sprinkler systems, and ventilation requirements.
Process design and building layouts were reviewed

at several stages of the design by Factory Mutual Engineering

Corporation to assure compliance with pertinent codes and

industry standards.

Reference Documents

Occupational Safety and Health Standards,
Code of Federal Regulations,
Title 29, Chapter XVII

00D Contractors' Manual for Ammunition,
Explosives and Related Materials,
DOD 4145.26M

DOD Construction Criteria Manual,
DOD 4270.1-M

National Fire Codes 1975,
National Fire Protection Association

National Electrical Code 1975,
NFPA 70-1975,
National Fire Protection Association
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Fire Hazard Properties of Flammable Liquids,
Gases, Volatile Solids 1969 NFPA 325-M,
National Fire Protection Association

Fire Protection Guide on Hazardous Materials,
6th Ed., 1975, National Fire Protection Association

Registry of Toxic Effects of Chemical Substances,
1975; 1976, National Institutes of Occupational
Safety and Health

"Damage-Limiting Construction", Loss Prevention Data,
Construction 1-44, February 1968, Factory Mutual
Engineering Corporation

Basic Considerations

The principal hazard characteristics of the process
materials, summarized in Table 1, dictate a design which will
protect personnel, property and the environment from

potential toxic exposure and fire and explosion hazards.
As previously discussed, process conditions and operations
were selected so as to minimize these potential hazards.

Containment of toxic and/or flammable fluids and
particulate matter must be of primary concern, dictating a
requirement of flanged, welded construction with sealing and
gasketing materials selected on the basis of extensive prior
experience with these and other similar process materials.
As the maximum allowable concentrations (8-hr time weighted
averages) of the process materials are generally well below
their lower explosive 1imits it is not permissible to use a
higher electrical hazard classification in lieu of
containment.

To provide adequate process area ventilation, both
the B10 and NHC process areas are provided with both low and
high level ventilation intakes and are provided with make-up
air at a rate equivalent to from 5 to 10 air changes per hr.
A separate high velocity vent system is required in the
process areas to provide short-term protection against minor
leaks and during solid B10 transfer operations. This high
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TABLE 4: EXPLANATION OF HAZARD RATINGS (NFPA)

(cont.)
Health
4 Materials which in very short exposure could cause death or
major residual injury even though prompt medical treatment
were given
3 Materials which on short exposure could cause serious temporary
or residual injury even though prompt medical treatment were
given
2 Materials which on intense or continued exposure could cause
temporary incapacitation or possible residual injury unless
prompt medical treatment is given
1 Materials which on exposure would cause irritation but only
minor residual injury even if no treatment is given
0 Materials which on exposure under fire conditions would offer
no hazard beyond that of ordinary combustible material
Flammability
4 Materials which will rapidly or completely vaporize at
atmospheric pressure and normal ambient temperature, or which
are readily dispersed in air and which will burn readily
3 Liquids and solids that can be ignited under almost all ambient
temperature conditions
2 Materials that must be moderately heated or exposed to relatively
high ambient temperatures before ignition can occur
1 Materials that must be pre-heated before ignition can occur
0 Materials that will not burn
Reactivity
4 Materials which in themselves are readily capable of detonation
or of explosive decomposition or reaction at normal temper-
atures and pressures
3 Materials which in themselves are capable of detonation or

explosive reaction but require a strong initiating source or
which must be heated under confinement before initiation or
which react explosively with water
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w—

-

TABLE 4: EXPLANATION OF HAZARD RATINGS (NFPA) continued

Materials which in themselves are normally unstable and readily
undergo violent chemical change but do not detonate. Also
materials which may react violently with water or which may
form potentially explosive mixtures with water.

Materials which in themselves are normally stable, but which
can become unstable at elevated temperatures and pressures or
which may react with water with some release of energy but
not violently

Materials which in themselves are normally stable even under
fire exposure conditions, and which are not reactive with
water

-60-
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velocity vent system is routed through the incineration
system for oxidative destruction of any air contaminants.

A breathing air system must be provided in the
process areas for use as a preventive measure whenever the
process equipment is to be opened (after purging), for
protection while correcting minor leaks and for possible
emergencies. Hose couplings used for this system must be
unique, Air supply to the breathing air compressor must be
obtained from a source removed from any potential contamination.

A1l process equipment will be equipped with dry
nitrogen supply for padding and purging. Primary nitrogen

supply is from a liquid nitrogen system with a back-up
emergency cylinder bank supply system.

Specific concern regarding B2 (and B2-hydrogen
mixtures) prompted review of available data on flammability
and potential explosion hazard. This review indicated that
B2 presents no significantly different hazards with regard to
potential fire and explosion than that posed by the other |
highly volatile and flammable materials being handled. In
terms of hazard probability, the quantities of B2 being
handled are much less than those of the other hazardous
materials and thus the probable hazards presented by B2 are
relatively small. Figure 16 shows typical average inventories
of toxic and flammable materials in each structural bay of the
main process buildings, B10 and NHC.

Contrary to much widespread opinion, various
investigators have demonstrated that under ambient temperature
conditions mixtures of B2 with dry air or oxygen are not
spontaneously flammable. This fact has been exploited in the
published studies of diborane-air and diborane-oxygen
explosions.
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150 C6 ! a0 Rl -R2 ' 0.882 } o0.882 ! 0.882
, 200 MEOH | 45 B10 l 45 B10 , 45810
100 B10 L
- - - - |\ = - - _— - — = e sl -
50 MEOH-AC ' 50 C6 or MEOH 0.8 B2 0.882
, 50 C6 . 0.4 B2 45 B10 ~ 45 B10
* .22 B10 ?
B10 - AREA 30
g ! | L 200 810
' 300 C5 © 300 CS | 60 R1
i | 50 TOL 15 R2
| | | 40 R3
e e e 25-0ctyne—
| ) - ' l 1
| 300 C5 30 TOL 1 ‘
| ! , :‘
NHC - AREA 40
LEGEND:
82 - Diborane R2 - Dioxane
B10 - Decaborane R3 - Butyl Sulfide
C5 - Pentane MEQH - Methanol
C6 - Hexane AC - Acetone
R1 - Butyl Ether TOL - Toluene
FIGURE 16: TYPICAL FULL SCALE OPERATING INVENTORIES OF

FLAMMABLE ORGANICS (IN GALS.) AND TOXIC BORANES
(IN LBS.)
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Diborane-air mixtures are flammable over rather wide
composition limits, with some discrepancies in the reported
values of the upper limit. Most recent data available from
NFPA give the 1imits as 0.8 to 88 volume percent. Martin,
Kydd and Browne (1962)(]) investigated the spark initiated
detonation of Bp-air mixtures at ambient temperatures and
various pressures from 20 mm Hg to near 900 mm Hg. Table5
summarizes the results of detonation velocity measurements the .
range from 2 to 27 volume percent (detonable limits are
narrower than the flammable limits). For comparison,

Tables 6 and 7 , taken from Lewis and Von Elbe (1951)(2),
show detonation velocities and detonable limits for H2, co

and volatile organics with air or oxygen. These data show
detonation velocities of Bz-air mixtures to be comparable to
those of methane (or natural gas) - air mixtures.

Since theoretical pressure impulse or blast effects
of explosion are directly related to detonation velocities,
these data show that Bz-air mixtures have explosion hazards
comparable to those of natural gas or volatile solvent vapor-
air mixtures. In this regard it is informative that some
of the reported experimental detonation studies were conducted
in Pyrex pipe with no rupture of the pipe under normal
detonation ignition conditions.

1. Martin, F. J., P. H. Kydd and W. G. Browne, "Condensation
of Products in Diborane - Air Detonations", Eighth
Symposium on Combustion, Combustion Institute, Williams
and Wilkins Co., 1962.

2. Lewis, B. and G. von Elbe, Combustion, Flames and
Explosions of Gases, Academic Press, 1951
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/2211 (15.1 2.55 | 4.7 | 20.0( 2027 s | 2081 Is 2050 £ 10 ) 0.33 ! 3.74 l 2016
V-1 15.1 255 | 6.1 | 24.0| 20 2037 247 £ 10 | 0.42 1122,
2/4-1  [15.1 2.55 | 36.2 | 24.0 | 1974 1498 15 0.44 | 0.8 !
/261 |15.1 255 | 9.5 |20.0 105 0.2§ | 1
A1 N3.9h 1 2.90 | 5.0 {274 2027 s | 202218 § 2.33 | 1.6 12008
7201 1590 1270 | 759 |31.0 20210s | 2014 s 215 0.52 | 1.6
/-1 (a9 | 270 | 386 {240 1008 1001 . 1.53 , 1.H |
8/14-1  18.1 3.15 | 6.2 | 210 105 1996 2000 = 10 | 1.69 086 | 1960
8171 [18.1 315 | 38 | 2000 104 1946 1917 0.65 {118 |
8/19-1  N18.1 315 |[=20.0 | 2%.0] 100 1930 1936 0.24 + 3.6 )
8/20.1 |22 4.07 | 5.8 [33.0] 100 1945 1945 £ 10 | 121 oag | 1800
9/16-1 [27.2 5.34 | 76.2 | 21.0| 1902 1931 ~1052 4+ 5 1.61 iu.&a X
-2 I

From Martin, Kydd %zd Browne (1962)
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TALLE 6 Dectonation velocities of varivus inisxtures at vomn temperature and
i

atmospheric pressure.

Detonation
veloceity,

Mixture . /see.
211, 4+ O, 2821
2C0O 4 0. 1204
CS: -+ 20. 1S00
CH, -} 20, 2146
CH - 1.50: -+ 2.5N; 1850
C.11, -}- 3.50. 2363
C.IT( 4- 20, 22010
C,ll¢ 4 20; + SN, 1734
01”3 <+ ISO: 2716
C,li; +1.50; + N 2414

 ———— e ——— 2 i

Mixture

Detonation
velocity,
)n./.wc.

C,lis 4+ 20,
Cille 4+ 60:;
:-Colly - 10,

1-Culy, 4 80,

C,le 4 80,

C.ll,. 4- 80, 4 21\,
Cll, 4+ 7.00,

Cdb, 2200,
C.1,0H 0.

C-1i, 011 + 50, - 12N,

20600
2250
2014
2270
237
1680
22040
1655
2300
1600

TABLT. 7 Limi s

of Jatanabiulity.

— —— - - —

Lower limit

Uppsr Hmit

Mixture Fer cent fuel  Por cent fuel
H.-0, 15 90
H;-air 18.3 59
CO-0., mnist 3s 00
CO-0;, well iried — 83
(CO +4- 11.)-0; 17.2 gl
(CO |- 14)-air 14 59
NH,;-0. 25.4 5
C;11,-0; 3.2 37
1-Cll0-0, 2.8 31
C-11,-0, 3.5 92
C:H,-nir 4 2 50
Cq”]oO(l‘”\(‘l‘)-OQ 2.6 > 40
CyO-air 2.8 1.5

From Lewis and

gon Elbe (1951)
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Review of the referenced DOD Contractor's Manual
for Ammunition, Explosives and Related Materials indicates
that this Manual is not applicable to the NHC production
facility since ammunition, explosives and related materials
as defined by the Manual are not being handled.

Hazard characteristics and related requirements
specific to individual areas of the NAC facility are treated
in the following subsections.

Tank Farm (Area 11)

Principal hazard in this area is the danger of fire
from flammable solvent vapors. Methanol and toluene have the
greatest toxicity hazard with maximum allowable concentrations
of 200 ppm each. Above ground tanks and transfer areas are
diked to contain spillage. The area is exposed, with resultant
natural ventilation and dispersion. Storage tanks are fitted
with pressure relief valves and flame arrested vents
(conservation and emergency vents).

Pl cbthino atent 0 ni-ady

Hazards are reduced by storage of pentane and acetone
in underground tanks and use of correct fill piping to avoid
static charge buildup.

Electrical classification is Class I, Group D and
either Div. 1 or Div. 2 depending on distances from vents and
elevation relative to grade.

Automatic fire protection is not required. Fire
water is provided by a local hose take off.

Drum Storage (Area 12)

The drum storage building is used only for storage
of sealed drums, with no pumping of flammable liquids taking
place. Electrical classification is therefore non-hazardous.

Automatic sprinkler protection is required with
ceiling mounted heads having 286°F temperature setting.

T e S LI
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CALLERY CHEMICAL COMPANY . .

Change House (Area 15)

This building is used only for plant personnel
convenience (showering, clothes changing etc.) and has no
process operations. Electrical classificatin is therefore
non-hazardous. Automatic sprinkler protection is required
if Class I roof decking is employed. As an alternative,
Class Il decking without automatic sprinklers would be
allowable. Final determination will be made by cost
trade-off analysis when sprinkler system costs have been
determined.

B10 Production Building (Area 30)

The B10 building houses the B10 reactors,
segregated into about two thirds of the building with six
structural bay areas each housing two B10 reactors. The
remaining process portion of the building houses the
recovery/filtration operations associated with processing
of the reactor wash solutions and dissolving of solid B10
reactor product.

Operations in the B10 building involve processing
of diborane in the pyrolysis loops and the handling and
transfer of solid B10 reactor product and thus the major
potential borane toxicity hazards are confined to this one
area.

Occupancy of the B10 building is defined as type
D-1, extra hazardous, according to the Pennsylvania Fire and
Pani¢c Code. Although equipment must be mounted on several
lTevels to permit adequate gravity flows and equipment access,
a variance from the height and structural limitations of
Type III construction, D-1 occupancy, has been granted by the
Industrial Board allowing the building to be considered
single story.

-67-
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CALLERY CHEMICAL COMPANY . .  _ - .

Based on consideration of the potential vapor
(solvent, By or hydrogen) explosion hazard, the building is
designed with damage-limiting construction according to
criteria of Factory Mutual Engineering Corp. The design thus
incorporates pressure-relieving walls and and pressure-
resistant roof, with a strength ratio'between resistant and
relieving of 5:1. Pressure-resistant wall construction is
also employed to separate the operating areas and the motor
control center and other non-operating spaces.

With the designed pressure-resistant roof, heating
and ventilation equipment are supported from the roof
structure, eliminating the need for extra equipment support
structure.

The fire protection system for this building, based
on recommendations of insurance underwriter review, includes
auotmatic sprinkler protection, both at ceiling and beneath
the equipment access grating. Sprinkler density will be 0.3
gpm with head spacing not to exceed 100 ft2, Sprinkler head
temperature settings are 2860F at ceiling and 1650F below the
grating. All steel supporting process equipment having an
operating volume of more than 100 gallons of flammable liquid
will have a one hour fire protective coating.

Electrical classification within the process areas
will be Class I, Group B, Division 2. Control room and
non-process areas will be classified non-hazardous by
positive pressure ventilation. Due to the low auto-ignition
temperatures of materials handied in the B10 production area,
the heated sections of the B10 reactor loops will be enclosed
and purged with positive air pressure.

Analysis of equipment failure modes indicates fire
exposure to be determining in sizing of relief vents and vent
headers. Relief sizing calculations are given in Appendix D.
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Special design consideration was given to the B?
piping to the B10 reactors and to the transfer of collected
solid B10 reactor product. The B2 supply line is equipped
with an emergency shut off valve remotely actuated from the
control room. B2 lines to the individual reactors are fitted
with double block and bleed valves to prevent leakage during
reactor washout operations. Due to potentially hazardous
reaction of boron hydrides with halogenated compounds and
especially carbon tetrachloride, no halogenated materials

(except "Teflon") or solvents are permitted in the B10
process area.
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To summarize the hazard reduction design procedures,
the B10 area design will include the following;

Extensive nitrogen inerting capability

Emergency stop valve on B2 supply

Low but positive process pressures

Separate vent headers for B2 and wash solvent vapors

Extensive building air changes

High velocity vent system

Breathing air system

Sprinkler system

Localized structure fire proofing

R

Damage-1imiting relief wall design
Air purging of hot reactor surfaces
Location of control room at grade
Strict policing of operating and
! maintenance procedures
' NHC Production Building (Area 40)
The only significant difference between the potential
hazards present in the NHC area and those described for the

B10 area is that of borane vapor toxicity. Operations in the

NHC area involve solutions of B10 and degraded open-cage

borane structures which are potentially toxic on skin exposure

or contact but do not have any significant toxic vapor hazard.

The greatest vapor toxicity hazard is that presented by

pyridine (R-4) with a 5 ppm MAC. In terms of potential fire

and vapor explosion hazard, the types and quantities of i
volatile flammable solvents employed require damage-resistant ’
construction similar to that required for the B10 area.

Certain of the solvents and organic reactants have the added

potential hazard of forming toxic products when heated to
decomposition.

-70-
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Electrical classification in the process areas is
Class I, Group D,Div.2 (auto-ignition temperature limit of
5000F)., Office and lab areas are classified non-hazardous
by positive pressure ventilation.

Pentane, bacause of quantity and flammability
{Class IA liquid), presents the most significant fire hazard.
Qther flammables are Class 1B liquids.

Analysis of possible failure modes of the various
reaction steps indicates fire exposure of filled vessels
as being determining in vent and relief sizing calculations.
None of the reactions present a significant reaction runaway
hazard, being at most only moderately exothermic. Relief and
vent sizing calculations are given in Appendix D.

v— oy S G B0 o=y ong (2N

Fire protection system requirements are the same as
those described for the B10 building; density of 0.3 gpm,
100 ft2 spacing, 286°F ceiling heads and 165°F below grating
heads.

]

*

) In summary, hazards of NHC production operations
are reduced by the following design and operating requirements:
Extensive nitrogen inerting capability
Vent headers for PSV's and rupture discs
Extensive ventilating air changes
High velocity vent system
Breathing air system

Automatic sprinkler system

Localized structural fire proofing

Damage-limiting construction

Strict policing of careful operating and

maintenance procedures

Utility Building (Area 50)

The only process hazards in this area are those of
low pressure steam and fuel oil. No volatile solvents or
toxic materials are handled. The heating boiler will have

-71-
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CALLERY CHEMICAL COMPANY . __ .

code approved combustion safe guards; the process boiler is
electrically heated. Automatic sprinkler protection is
required only in the area of the firing head of the fuel
fired boiler.
Incinerator (Area 60)

The incinerator is an unhoused structure with the

major process hazards being those of flammable waste products
within closed piping.

The area is generally classified as electrically
non-hazardous with the following exceptions:

Class I, Group D, Div. 1 within any sumps, pits

or trenches;

Class I, Group D, Div. 2 within three feet of
pumps handling flammable liquids and up to 18
inches above grade within a horizontal distance
of ten feet from such a pump.

Automatic sprinkler protection is required only for
the seal pots and the firing head of the incinerator. Wet
pipe system acceptable if adequately protected against
freeze-up.

Yard Area

The yard area is essentially non-hazardous except
in the immediate vicinity of the solvent and reactant drums
located adjacent to the B10 and NHC buildings. These drums
are equipped with air driven pumps to minimize hazards.

Fire hydrants with curb box control valves are
located at strategic intervals along the 10 inch under-
ground fire main. The underground main provides a combination
fire and process water system with supply taps from the
existing outlet 1lines from both water reservoirs. Existing
requirements for maintaining reservoir reserve capacity
assures adequate emergency fire water supply. A 1500 gpm
Diesel driven fire pump, automatically activated at 100 psig,

=72~
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is connected by suction to both 8 in, reservqir lines, Pump
location is such as to provide positive head at minimum
allowable reservoir elevation. An electrically driven
jockey pump maintains the normal main pressure of 125 psig
with sufficient capacity to meet process water usage.

The in-p]ant»road is looped to provide access
to all sides of the critical areas, the B10 and NHC
buildings. Auxiliary fire service is provided by the
Callery/MSA plant fire department.
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ENVIRONMENTAL IMPACT ASSESSMENT

General

As soon as the site selection for the proposed
NHC production facility was finalized, an Environmental
Aspects Report (Contract Data Item Sequence AOOQE) was
prepared and submitted. The findings of that report
indicated that implementation of the proposed facility
would not represent a major environmental action and would
not require an Environmental Impact Statement.

Pertinent portions of the Environmental Aspects
Report are presented in the following summary.

Summary of Environmental Aspects

The NHC production facility will be located
adjacent to the Callery/MSA plant site in a predominantly
rural setting. Major land usage within a ten mile radius
is farming and light industrial operations. Nearby
communities are; Callery boro (population ~450), about one
mile south and Evans City (population ~2000), about 2 miles
northwest of the plant site.

The immediate land area to be occupied by the
production facility consists of 3-4 acres on a knoll
relatively higher than the surrounding area. The site is
currently not in productive use and is covered primarily
by small second growth trees and scrub underbrush. The area
is not sufficiently large to support any significant
population of wild life.

The plant site is withi~ the cognizance of Region V
of the Pennsylvania Department of Environmental Resources but
is not within any designated air basin. Ambient air quality
standards, promulgated by the Commonwealth of Pennsylvania,
Title 25, Part I, Subpart C, Article III, Chapter 131 are:
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The anticipated usage of the facility for production
of NHC will have no significant adverse impact on the
environment.

As designed, the NHC production facility will have a
comprehensive waste collection and disposal system. All
process wastes, both liquid and vapor, are routed through
enclosed piping and vent headers to the incineration system.
Separate vent headers for incompatible vapor streams are
isolated by means of inert liquid seal pots and under normal
operation are fed directly to the incinerator for destructive

TIPS O

oxjdation. In event of an accidental process vapor surge of
; ' high volume and rate, excess flow by passes the incinerator
to an emergency flare system for destructive oxidation before
venting to the atmosphere.

Process liquid streams are collected in separate
organic and aqueous process drain tanks and subsequently
metered to the incinerator combustion chamber. Major
constituents of the process waste steams are combustible
organics and water, which on thermal oxidation, produce
innoucuous combustion products, COp and H20 vapor. Minor
waste stream constituents which require subsequent incinerator
] combustion product controls include boron, sodium, sulfur and
chlorine in various organic and inorganic forms. Oxidation
of these minor constituents results in formation of oxides
and salts which are separated from the incinerator off gas
by direct water quench and subsequent solids collection.
Innocuous combustion products and water are vented to the
atmosphere while the separated dry solids are drummed for
off site contract waste disposal in an approved solid waste
disposal facility.

-76-
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Sanitary wastes from the NHC facility will be
routéd through the existing Callery/MSA waste treatment
facility. This is a relatively new facility which meets
current and anticipated future effluent standards and
guidelines.

Non-process solid wastes, primarily paper and wood
rubbish, will be disposed off site by contract landfill
service.

Solvent and raw material storage and transfer
operations will be appropriately diked and contained to
prevent escape of accidental spiilage.

Storm water run off will be segregated and routed
to outfalls designed to minimize erosion.

No significant noise generation sources are
employed in the proposed facility.

Alternatives to the proposed action are limited.
The plant product, NHC, is employed in a weapons system vital
to national defense. Site location is constrained by
shipping limitations on the primary raw material, diborane.
Alternative sites possible within this constraint have been
evaluated and, in terms of potential environmental impact,
the proposed site provides the least adverse impact.

Potential process changes that could lessen adverse
environmental impact are limited by technology. Design
tradeoffs have minimized the relatively small irreversible
commitments of raw materials, solvents and energy. The
incinerator design utilizes waste combustion energy to
evaporate water from the process wastes and provides a
minimum volume of dry solid wastes for disposal.

‘mmmmm.—q——-ﬁuﬁc—--—-
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TABLE 8 - NHC FACILITY PREDICTED SYSTEMS AVAILABILITY SUMMARY
B-10 Area
v .995 B-10 Reactor Loops * .90
. Dissolver-Filter .995
v Hexane Recovery 1.00
NHC Area
.9243 - R-3 Reactor .995
NHC Reactor .98
Planetary Mixer .975
NHC Wash Tank .997
NHC Purification .985
NHC Distillation .99
Waste Disposal
.970 Incinerator .975
Tanks and Pumps .995
Utilities
.990 Steam, N2, Water, Gas 1.00
Cooling Water, Air,
Power .99
Al = A B-10 X A NHC X A WD X A UT
Al = ,995 X .9243 X .97 X .99
Al = .883
Design Basis: 30,000 1b./300 Stream Day Yr.
A 1.D. = 300/365 = .822
Predicted System Availability, .883 Requires 300/.883
or 340 days per yr. scheduled operation. This would
permit two week annual maintenance shutdown.
v *8-10 Reactor Loops not critical if availability is not
’ é .- less than overall system,

”»
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RAM ANALYSIS

General

As required by the Contract TR 6116, a RAM
Analysis Report (Data Item AQOF) has been prepared according
to DI-R 3535/R103-2M with Addendum and is given in its
entirety in Appendix C. A brief summary of the RAM Analysis
is given below.

ey qpe— G G oy ]

RAM Analysis Summary

. The appended report outlines the RAM parameters
employed in the design of the NHC facility and details their
application to the various process operations and equipment
subsystems. Availability goals were established utilizing

a block diagram of the facility and availability was
apportioned to the critical systems (B10, NHC, Waste Disposal
and Utilities) as shown in Table 4. Based on knowledge

of operating conditions, equipment function and construction
materials, each major subsystem was examined and assigned

a predicted availability, also shown in Table 8 . The

. predicted overall system availability of 0.883 allows annual
two week shutdown for major maintenance as well as allowing
‘ I some time for unanticipated maintenance downtime.
! The RAM analysis shows that the facility will be
T available for sufficient operating periods to meet
- contractual production requirements. Major subsystems
o incorporate design features that provide high availability
: with good reliability and maintainability. Callery's
i experience in handling toxic and flammable chemicals has
- demonstrated that high reliability and maintainability are

necessary to assure safe operability.

These same considerations also lead to a facility
that will provide the necessary 15 year operating life and
will allow shutdown, layaway and restart without undue

-
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expense and with minimal hazard.  Long term storage will have

no significant effect on system reliability.

thorough leak testing of the entire system.

Some equipment
items would be partially dismantled for storage but the
majority of the equipment would only require thorough
cleaning, inerting and sealing. Reactivatjon would require
probable replacement of seals and gaskets followed by '

oy
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PLANT PROCEDURES

Start Up Procedures

Before the completion of construction of the NHC
facility, Callery Chemical Company will complete the preliminary
start up procedures necessary to commission the plant and
accept the plant at the turnover from the primary contractor,
Dravo Corporation. Detailed planning, technical competence and
firm direction will insure a successful startup.

— g— ]

During the early months of construction, Callery's
function in construction will be the monitoring of progress and j
witnessing the necessary testing of concrete and steel which
is placed. During this time equipment and operating manuals
will be received. Detailed maintenance procedures and schedules
for each piece of equipment and preliminary operating instruc-
tions can be written at this time. All of the information
available on the design, construction and operation of the
facility will be organized so that it is easily accessible for

| startup. The design basis and engineering standards, process
description and flow sheets, material and utility balances,

plant equipment, piping and utilities layouts, operating main-
tenance and safety procedures and analytical procedures will

' be included. This basically encompasses the information from
the final design report and the details of construction and
the information received during construction. Batch process
1og sheets will be designed so that start up and operation data
can be obtained. The various engineering, operations management
maintenance and laboratory groups will be organized and keyed
to the progress of the construction schedule.

After the process equipment is placed and process

piping and electrical conduit runs are started, Callery's involve-
ment in the construction progress becomes more critical. Many

o of the instruments to be placed will be checked before install-
-’ i ation. Thermocouples will be checked to insure that they are
F .- reading properly. Rotameters will be calibrated generally
i
-81-
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by calculation of density differences and the supplied curves
rather than by actual flow measurement. Pressure and vacuum
gages will be checked to guarantee proper operation. These
instruments will be less accessible after installation.
Pressure testing of equipment and piping is to be
performed by Dravo before the completion of construction. Callery
personnel will verify the tests, especially in critical process
areas. Since many of the lines will contain reactive borane
chemicals, these must be cleaned before the introduction of
any process fluid. After various sections of the plant become
available after pressure testing, they will be flushed with a
petroleum solvent such as naptha to remove any corrosion pro-
tection oils, then rinsed with a hygroscooic solvent such as
methanol to pick up any water before drying with nitrogen.
This will be done on the diborane lines from the Callery plant,
the B-10 process piping and equipment and parts of the NHC
building. The naptha flush will also remove any scale, dirt
and metal particles which might have entered the system during
construction. Process equipment will be inspected before
sealing for pressure testing to check for dropped tools, bolts

and other debris.
Operators will have started training before the clean

MEE e o
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out operations. These cleaning procedures will aid in the
familiarization of some of the conceptually new equipment for
the operators. They will be trained in standard operating and
maintenance procedures and emergency shutdown and safety pro-
cedures. Operator training will be ongoing through the

systems checkout before startup and continue through the startup
phase.

Power and control electrical systems will be checked
out by the contractor after installation. Instrument main-
tenance personnel and electricians will be present to insure
that power systems are operating properly and grounded. The
control circuits and switching logic of the B-10 reactor washout
vent system will be checked by simulation to insure that the

-
R T e
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valves are operating in the correct position and in proper
sequence. Other control circuits will be tested by simulation.

A checklist is provided for commissioning of instrument circuits.
Dry run testing of mechanical equipment will be

performed to guarantee proper rotational direction under no

load conditions. These checks will also verify free and

unhindered rotation of impellers, shafts and agitators. These

will be of short duration to prevent damage to equipment. A

— Gt  gueey  cpeund | gy

checklist is provided for commissioning mechanical equipment.

e

Dynamic testing will be performed on the process

i ) system using inert fluids. These tests will aid in determining

: that the flow through the process is correct and operable. Flow
controls and pressure controls can be set more accurately.
Measuring tanks will be calibrated by straight side calculations
and by filling with known volumes of liquid. Temperatures

’. approaching operating conditions will be used to determine the

effectiveness of temperature controllers and thermocouples.

The B-10 system loops will undergo dynamic testing
with gases which simu]até diborane characteristics. Procedures
followed will be based on those investigated in the reactor
loop development effort. Usage of nitrogen and hydrogen and
mixtures thereof were found to provide good simulation of
reaction gas behavior for determining proper thermocouple
- probe Tocations and furnace temperature settings.

Dynamic testing will permit the setting or adjusting

of standard operating procedures. Flow and pressure settings
on rotameters and regulators will be set. The dynamic testing
will be a great advance in operator training. Data recording
will be standardized and it will be determined if the proper
amount and necessary information is being recorded.

In preparation for the introduction of borane process
fluids, the process equipment will be thoroughly dried and
I inerted. Boranes wili be introduced only after dynamic testing

I -
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has shown the system to be capable of safe production and the
operators are thoroughly trained in operating and safety pro-
cedures. Extra technical and operating personnel should be
available for the startup of process fluids through the system.
The process will be monitored carefully and the plant can be
shutdown at any indication of upset or overload. Process

flows will be increased gradually until the Options I and II
demonstration levels can be met.

L e T e e B . IR )

We will have on hand experts from the incinerator
manufacturer to train the waste disposal personnel in the

? proper operating and emergency procedures for the incinerator.

5 They will oversee the startup of the incinerstor and dust
¢ollection system to aid in resolving any operating difficulties
with this large and complex system.

With the startup procedures above, there should be

i a successful and incident free startup.
Start Up Checklist
1. Organize the groups who will parficipate in commissioning
2. Organize the necessary information
3. Prepare detailed plans and schedules
4. Train the personnel

E 5. Perform pressure tests

k' 6. Perform dry runs
7. Perform dynamic safe fluid testing
8. Pressure test to prepare for the introduction of boranes.

é . 9. Perform process fluid tests
10. Perform process fluid tests

- 11. Operate processes to make NHC
12. Troubleshoot and make performance analyses
\ - 13. Maintain the plant and make modifications
- Instrument Commissioning Checklist
i 1. Assure that all elements are installed according to the
! I drawings

2. Remove shipping restrictions and protective coverings

i s I -84-
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Recalibrate the instrument

Verify circuit continuity to and from panel
Verify valve and controller movement

Check out interlock and alarm action

Mechanical Equipment Checklist

0O ~N O U W N e
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Field disassembly and reassembly

Cleanout of lubrication system

Circulation of lubricant to check flow and temperature
Cleanout and checkout of cooling water system
Checkout of instruments

Checkout of free and unhindered rotation
Tightening of anchor bolts

Installation of temporary filters

Preparation for running at a load

Operate with driver uncoupled

Recoupling of driver and check alignment
Checkout vent system

Checkout seal system

Operate empty to check for vibration
Operation under load
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-piece of process equipment will be kept. This will aid in the

Maintenance Procedures *

Preventive and repair maintenance of process equip-
mer.. and supporting services will be daily functions at the
NHC facility. The facility will be staffed by a maintenance
crew of trained mechanics and will be supported by the main- 5
tenance, instrument and electrical crews of Callery Chemical
and Mine Safety Appliances. Most of the maintenance is to be
performed on-site with tools and spare parts available in
the process area. .

The maintenance staff will include mechanical repair
personnel and electricians. The mechanical staff will be 1
responsible for maintaining the process equipment, piping and
hardware, and the facility physical plant and supporting equip-
ment. The electricians will be responsible for the electrical
and electronic hardware plus the testing of circuitry for new
equipment installations.

Detailed records of maintenance services for each

restructuring of preventive maintenance services if the failure
rate is higher than normal. These records will also aid in

the selection of any new equipment which needs to be installed, f
either as replacement or to improve process operability and :
reduce costs. Repair services will require a form stating the

piece of malfunctioning equipment, the suspected repair

necessary if known or the mode of failure, and an authorization 4
by the production supervisor. On this form the failure can be
noted when corrected and the repair man hours can be reported.
These sheets will not only allow the updating of the equipment
records but will also assist in the assignment of the maintenance
staff for their work day. The c¢riticality of the failed equip-
ment will be the determining factor in the assessment of repair
priorities. The availability of the plant to meet production
demands will dictate the distribution of the work force to
preventive and repair maintenance tasks.

-86-
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After the equipment orders are placed, the vendors
will be required to send operations' manuals for the equip-
ment being requisitioned. These manuals will provide the
basis for the delineation of operating procedures for each
piece of equipment, and the listing of spare parts to be
carried in stock. These manuals will also be used to set the
schedules for lubrication of rotating equipment and other
preventive maintenance procedures. Repair maintenance pro-
cedures for ;he various failure modes will be based on the
manufacturers information (See Exhibit "A" - Maintenance Pro-
cedures for the NHC Residue Pump #41224 from Selected Vendor).

As much repair work as possible will be performed
at the location of the failed equipment in the process area.
There is no specified repair shop at the NHC plant so that the

g

equipment must be repaired in place or adjacent to the process
positioning or removed to the Callery repair shops down the
hill. The construction by Dravo of the fully piped process
model will allow for adequate spacing for repair maintenance

to be performed "on the floor". Spare parts will be stored in
l one of the bays of the process area for easy availability. An
instrument maintenance shop will be established in part of the
Jaboratory in the NHC building calibration tests and repair
‘. l maintenance can be performed in this area as well as providing }
an area for small instrument parts storage. '
I Due to the toxic and flammable nature of most of the

process raw materials and intermediates, equipment will be
washed out with an appropriate solvent and dried with nitrogen

=1

before process equipment internals can be repaired. Drain
valves are provided wherever applicable to aid in the washout
of equipment. Extensive lockout procedures will be used by
maintenance personnel to protect the equipment being repaired
and to prevent personal injury. Safety locks will be provided
to the mechanics to aliow convenient lockout for safety.

-87-
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CALLERY CHEMICAL COMPANY __ . .

Detailed maintenance procedures will be provided

after equipment manuals are provided by the vendors. A

general summary of typical maintenance procedures is provided

by equipment groups.

312 -- Condensers: Flush with solvent and purge dry, disconnect
piping, remove head. Inspect tubes for plugging or
leakage. Clean tubes and plug bad tubes, if necessary.
Reassemble and pressure test. |

322 -- Packed Towers: High pressure drop - fouled packing;
flush packing with solvent, nitrogen dry, support column
from overhead, remove inlet/outlet piping, unbolt column
from kettle, 1ift off column and support plate, dump
packing and thoroughly clean and dry or replace with
new packing. Reverse procedure adding packing; if
necessary, replace gaskets and pressure test.

352 -- Unagitated Tanks: Drain and wash, purge dry. Remove

—tt MEN @GN NP wmy g | ey

inlet/outlet pipe connections, remove access port head,
sight glass, manway, repair and reassemble using new
gaskets.

362 --,
392 -- Agitated Vessels and Agitators: Lock out electrically,

drain and wash purge dry. Support agitator, remove
coupling, disassemble and remove seals. Examine bearings

and replace, examine seals and replace. Reassemble.
412 -- Pumps: Lockout and drain, block lines, disconnect
coupling, disassemble and remove seals, shaft and

emeyd GEng ey

impeller. Examine and/or replace seals, bearings,
shaft sleeve and other wearing parts. Reassemble and
leak test.

422 -- Compressors and Vacuum Pumps: Lockout, disassemble

|

and examine and/or replace wearing parts and seal elements.
Reassemble with new seals and gaskets.

442 -- Heating and Cooling: Lock out and block feed lines;
Disassemble malfunctioning portion of equipment, solvent
clean and inspect/replace worn parts, inspect fan and
motor bearing. Reassemble using new seals and gaskets.

-88~
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CALLERY CHEMICAL COMPANY ______ .

452 -- Filters: Flush and dry, block inlet/outlet lines,
unbolt filter, replace element if necessary. Re-
assemble with new gaskets.

472 -- Package Systems:

Water Treatment Unit: Isolate unit, replace
controls or repair other malfunctions. Reassemble
Boiler Chemical Treatment: Normal pump maintenance
Condensate Return Units: Normal tank and pump
maintenance

Deaerator: Isolate unit and drain, remove nozzle
piping and inspect/replace nozzles, inspect trays.
Reassemble

Instrument Air Drier: Iso1ate element not in
service, remove cover, replace media, replace cover
with new gaskets, pressure test.

Vacuum Distillation Unit: Lockout and block piping,
clean with solvent and dry. Perform normal agitated
vessel, column, tank and vacuum maintenances.
Rebuild using new gaskets and seals.

Seal 071 Units: Lock out, drain oil; perform normal
pump and filter maintenance. Reassemble with new
seals and gaskets and replace oil.

492 -- Uninstalled Equipment: Fork truck perform normal tuneup,

check hydraulic oil, wheel bearings. Lubricate.
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INTRODUCTION

The illustrations ured in this maintenance bulletin are
for identification purposes only and skould not be used
for ordering parts. Secure a parts list from the factory

or a Viking representative. Always give complete-

name of part, part number and material with the
model and serial number of the pump when ordering
repair parts,

UNMOUNTED PUMP AND UNIT MODEL NUMBERS

UNMOUNTED PUMP UNITS
PACKED MECH. SEAL
Units are designated by the ua-
":g: "::3: mounted pump model humbers fol-

lowed by » letter indicating dfive

X124 X8124 style.
KK124 Kxa124 Y=V-8eit

L124 L4124 O:==Direct Connected
La124 104124 =Viking Speed Reducer
w124 a4 P=Commercial Speed Reducer
Q124 Q4124

M124 M4124

SIZES H AND HL
FIGURE |

This bulletin deals exclusively with Series 124 and
4124 heavy duty bracket mounted pumps. Refer to
Figures 1 thru 5 for general configuration and nomen-
clature used in this bulletin.

Maintenance

Sertes 124 and 4124 pumps are designed for long,
trouble free life under a wide variety of application
conditions with a minimum of maintenance, however,
the following should be considered.

1. LUBRICATION-—Periodic external lubrication
should be applied slowly with a hand gun at all
lubrication fittings provided. A good quality of
general purpose grease is satisfactory in the ma-
jority of cases, however, applications involving
very high or low temperatures may require other
types of lubricants, Suggested {requency of lubri-
cation is once every 500 hours of operation. Do
not over-grease, Consult the factory if you have
specific lubrication questions.

2. PACKING ADJUSTMENT—New packed pumps
generally require some initial packing adjustment
to control leakage as packing “runs-in”. Make ini-
tial packing adjustments carefully and do not over-
tighten the packing gland. After initial adjustment
occasional inspection will reveal the need for pack-
ing gland adjustment and/or replacement of the
packing. See instructions in disassembly and re-
assembly regarding re-packing the pump.

3. END CLEARANCE ADJUSTMENT-—After
long term operation it is sometimes possible to
improve the performance of the pump, without
major repair, thru adjustment of end clearance of

SIZES X, KK AND L
FIGURE 2

SIZES LQ, LL. Q@ AND M

FIGURE 3

the pump. Refer to instructions under Re-assembly
of the pump for information regarding this pro-
cedure.

. CLEANING THE PUMP—It is good practice to

keep the pump as clean as possible. This will fa-
cilitate inspection, adjustment and repair work
and help prevent omission of lubrication to fittings
covered or hidden with dirt. :

Viking Pump Division / Houdaslle Industries, Inc, / Cedar Falls, fowa 50613 U.S.A
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servative oil should be applied to the internmal
parts. Lubricate all fittings.

O ©

5. STORAGE—If the pump is to be stored or not
used for any appreciable length of time it should
be drained and a light coat of lubricating and pre-

il
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FIGURE 4 EXPLODED YIEW SERIES 124
p
SERIES 124
' ITEM NAME OF PART ITEM NAME OF PART ITEM NAME OF PART
1 Locknut 13 Packing 4 Rotor and Shaft
2 Lockwasher 14 Lantern Ring 2% idler and Bushing
3 €nd Cap for Bearing Housing 13 Packing Retainer Washer 28 Igter Bushing /-\\
L) Closure, Bearing Housing 16 Brachet Bushing 27 Head Gashet \'-/
S Beaning Spacer Collar 17 Pressure Reliet Plug 23 idier Pin
) Bail Bearing 18 Grease Fitting 29 Head and idfer Pin
7 Bearing Spacer Collar, Recessed 19 Srachet and Byshing 0 Capscrew for Head
L} Neeper Ring Haives 20 Capscrew for Bracket N Grease Fitting (Angle)
9 Bearing Mousing with Setscrews 21 Pipe Plug 2 Reliet Vaive Gashet
10 Paching Gland 22 Back Flange Gashat n Capscrew for Valve
1 Packing Gland Nut 23 Casing u Internal Relief Vaive
: 12 Paching Gland Capscrew (Studs on Q & W)
!
, |
FIGURE S EXPLODED ViEW SERIES 41N
(SEE LIST OF PARTS, NEXT PAGE) —~
\
’ -
i
Viking Pump Division / Houdailie Industries, Inc. / Cedar Falis, lowa 50613 U.SA e
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1. Remove the head from the pump.

CAUTION: DO NOT ALLOW THE IDLER TO FALL
FROM THE IDLER PIN,

Tilting the head up as it is removed will prevent this
occurrence, Avoid damaging the head gasket if pos-
sible. If pump is furnished with a relief valve it need
not be removed from head or disassembled at this
point. (See page 6 {or Valve Instructions.)

2. Remove the idler and bushing assembly from the
idler pin. Replace all excessively worn parts, See
caution about replacement of carbon bushings
following #13.

3. Bend up tang on lockwasher and, using a spanner
wrench, remove the lockwasher and locknut,
NOTE: A piece of wood or brass inserted between
the rotor teeth and into the casing port will prevent

the shaft from turning.

4. Loosen packing gland nuts on model 124 pumps.

5. Drive the shaft forward approximately % inch
and inspect for presence of a pair of half<circle,
round, wire, keeper rings under the inner bearing
spacer collar. If present these rings inust Le re-
moved before the rotor and shaft can be removed
from the pump.

6. Carefully remove the rotor and shaft from the
pump.

NOTE: Avoid damaging the bracket bushing. The

rolary portion of the mechanical seal will usually

cume out with the shaft on model 4124 pumps. Re-
move the stationary senl seat from the bracket coun-
terbore. Replace rotor and shaft if excessively worn.

7. Lousen the radial set screws in the bearing hous-
ing flange that locks the end cap in place and, us-
ing a spanner wrench, remove the end cap, closure
and bearing spacer collar.

8. [temove 2.row bail bearing and inner spacer collar
from bearing housing, wash and inspect bearing
for wear or dumage and replace, if necessary.

i ' SERIES 4124
ITEM NAME OF PART 1."!" NAME OF PART ITEM NAME OF PARY
l 1| Locknut 111 [ pressure Retief Plug 21 | 1dler and Bushing
' 2 Lockwasher :_li Grease Fitting 22 Idter Bushing I
3 €n3 Cap for Bearing Housing l 13 | Bracket and Sushing 23 | Head Gashat :
4 | Closure Bearing Housing j 14 | Capscrew for Brachet b2 idler Pun ,
H Bearing Spacer Collar 18 Bracket Bushing 25 Head (P1ain) and Idier Pia !
b [} 8ail Searing 18 Mechanical Seal 26 Capscrew for Hesd
3 ? Searing Spacer Collar, Recessed 17 Bach Flange Gasket 27 Relief Vaive Gasket
] Kesper Ring Halves 18 Casing 28 Capscrew for Valve
9 Bearing Housing wilh Setscrews 19 Pipe Plug 29 internal Relie! Yaive
10 Closure for Sesl Chamber 20 Rotor and Shatt
NOTE: Do not order parts by item aumbers showm;
see parts list on specific pump model.
Disassembly 9. Loosen two axial set screws in bearing housing

flange and remove housing from bracket. Examine
closures in end cap and bearing housing and re-
place with lips facing as shown in Figure 11 if
not in first class condition.

10. On 4124 model pumps, inspect the closure in the
bracket and replace if necessary. This closure
must be removed if replacement of the bracket
bushing is necessary. See Step 13.

11. If it is deemed necessary to replace bracket bush-
ing .and/or repack model 124 pumps, remove
packing gland nuts, old packing and lantern ring
(not used on Q and M 124’s) and packing retainer
washer. See Step 13.

12. Examine casing for excessive wear and replace if
necessary.

13. ‘The bracket bushing should be inspected for wear
and replaced if necessary. See Steps 10 and 11,

If it is neces:ary to install a new carbon graphite bush-

ing, extreme care should be taken to prevent breaking,

as it is a brittle material and easily cracked. If crack-
od these bushings willLquickly disintegrate. An arbor
press should always be used in“astalling carbon gra-
phite bushings. Be sure the bushing is started straight.

DO NOT STOP the pressing operation until the bush-

ing is in proper position. Starting and stopping this

operation invariably resuits in a bushing failure.

Carbon graphite bushings with extra interference fits

are frequently furnished for high temperature opera-

tion. These bushings must be installed by a shrink fit.

Heat bracket or idler to approximately 450°F. and in-

stall coal bushings with an arbor press. Check bush-

ings for cracks after installation,

Reassembly

1. Installing pew seal: The senl is simple to install
and goud performance will result if care is taken
in installation. (Sce figure 6 for parts identilication)

Viking Pump Division /Houdallle industries, Inc /Cedar Falls, lowa 50613 US.A
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SRACKET SEAL HOUS)
SEAL SEAT GASKET

CLOSURE FOR SEAL CHAMBER
SEAL SEAT.

o _—
— AR\

ROTATING SEAUING
-\ RING

FIGURE &
COAT WITH LIGHT O
BEFORE ASSEMBLY
FIGURE 7
SPRING

MECHANICAL StaL
(ROTARY MEMBER)

fi S
e —’1:‘ o —— ——
- - r - _—

v ¥ oA’
7 X\peaso SLEEVE

COAT WI'H LIGHT OIL
BEFORE ASSEMBLY

FIGURE ¢

FIGUAE ¢

NOTE: Never touch the sealing faces with anything
except the fingers or a clean cloth. Clean the rotor hub
and bracket seal housing, making sure both are free
from dirt and grit.

Coat the outside diameter of the seal seat and the in-
side diameter of the seal housing bore with light oil.
With thumb and forefinger, push the seal seat into
place, as shown in Figure 7. Place the tapered sleeve
(furn with replacement seals H-LL sizes) onshaft as
in Figure 8. Coat the inside of the rotary member and
the outside of the tapered sleeve with light oil. Place
the spring and rotary member on the shaft, over the
sleeve and against the hub of the rotor only enough
to hold the spring in position. Do not compress spring

at this stage. (See Figure 9.) Remove the tapered
sleeve.

CLOSURE FOR
SEAL CHAMBER

/
A 1Y /7//1

TAPERED SLEEVE
FIGURE 10

Refill the bracket lubrication chamber with multi-pur-
pose grease and place the tapered sleeve in the closure
(or seal chamber) as shown in Figure 10. Flush the
sealing faces of both the rotary rpember and stationary
member with oil just before installing rotor and shatft.
2. Install the rotor and shaft. Place the end of the
shaft in the bracket bushing and turn from right

to left slowly, pushing until the ends of the rotor
teeth are just below the face of the casing. Be
sure shaft is free from burrs and foreign particles
that might damage the bracket bushing. Remove
the tapered sleeve from the shaft(Model 4124).

3. On Model 124 pumps replace the packing retain-
er washer and pack the pump. It is good practice
to install a set of new packing. The pump should
be packed with a packing suitable for the liquid
being pumped.

NOTE: If the pump has a lantern ring it must be
located below the grease fitting. The grease fitting
may be removed temporarily to facilitate positioning
of the lantern ring. Cut the packing into individual

Viking Pump Divigion ies, Inc. . .
o] P IV_§!9_ / Houdaille Industries, Inc / Ceda: Falls. lowa 5061:: USA
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rings that wrap exactly around the circumference of

the shaft. Install and seat each ring one at a time,

staggering the ring joints from one side of the shaft
to the other. Lubricate the packing rings with oil,
grease or graphite to aid in assembly.

A length of pipe or tubing will facilitate installation

and seating of the packing rings.

4. Install the packing gland, capscrews and nuts.
Back the rotor and shaft out of the casing just far
enough to insert the packing gland through the
side opening on the bracket and over the end of
the shaft. This gland cannot be assembled over
the end of the shaft when in place. Push the rotor
and shaft back into place.

Make sure the gland is installed square and tigh-
ten nuts wrench tight, back off and retighten to a
finger tight condition. -

5. Place a head gasket on the head. The normal

amount used on an H or HL size pump is one

.010" gasket, and all other sizes one .015" gasket.

. Place the idler on the idler pin and install the

head and idler on the pump.

. Place the bearing collar on the shaft as far as it

will go. Replace keepers if furnished with pump.

. Install the bearing housing and closure in the

bracket.

. Pack the ball bearing with grease, place on the

shaft and push or drive into place in the housing.

10. Tuen the bearing end cap (with closure and bear-
ing collar inside) into the bearing housing until
tight against the bearing. Lock in place by the
setscrews in the outside diameter of the bearing
housing.

11. Install lockwasher and locknut on shaft, tighten
locknut and bend down tang of lockwasher into
slot of locknut.

NOTE: A piece of brass or wood inserted through

the port opening between the rotor teeth will keep

the shaft from turning.

12. Adjust pump end clearance,following procedures
listed under “Thrust Bearing Adjustment”.

W 0w =N O,

Thrust Bearing Adjustment
(See Figure 11)

1. Loosen the two set screws “A"” in the outer face
of the bearing housing “B” and turn this thrust
bearing assembly “B” clockwise until it can no
longer be turned by hand. Back off counterclock-
wise only until the rotor shaft can be turned by
hand with a slight noticeable drag.

2. For standard end clearance, back off the thrust
bearing assembly “B” the required number of
notches or an equivalent length measured on the
ou!t)slide of the bearing housing. See the following
table.

3. Tighten the two self locking type “Allen” set
screws “A”, in the outboard face of the bearing
housing, with equal force against the bracket.
Your pump is now set with standard end clear-
ances and locked. o

NOTE: Be sure the shaft can rotate freely. If not,
back off additional notches and check again.

4. High viscosity liquids require additional end
clearances. The amount of extra end clearance
depends on the viscosity of the liquid pumped.
For specific recommendations, consult the factory.
Each additional notch (or each ") on the out-
side diameter of the bearing housing is equivalent
to an extra end clearance of .002" on H & HL size
pumps; .0015" on K, KK, L, LQ and LL pumps;
001" on Q and M pumps.

Pump Turn 8rg. Housing C.C.W.

Size No. of Notches or Length on 0.0, Inches
H & HL 2 v~
K KK L L0, 8 WL 4 -
Q 7 1%
™ [ v

o

N
e/

FIGURE 11

Steam Jackets
(See Figure 12)

As an added feature, Series 124 and 4124 Viking
pumps may be equipped with a steam jacket on either
the head, or back flange, or both. The construction of
these jackets is such that the cored areas provide
large chambers at both front and back of the working
parts of the pump so as to {acilitate temperature con-
trol for maintaining a flowing condition of the ma-
terial being pumped. The jacketed back flange in-
creases overall length slightly.

Pumps with jacketed heads cannot be furnished with
relief valves. If a valve is required, it must be install-
ed in the line.

Cre s

P Viking Pump Division / Houdaille Industries. inc. / Cedar Falls, lowa 50613 U S.A.
s . -94-

PR PPN ) -




] "o HEAVY-DUTY BRACKET MOUNTED PUMPS
1 . proe Tts106 ¢ 124 AND 4124 SERIES

ISSUE A : v
. MAINTENANCE AND REPAIR INSTRUCTIONS ~

— o

l All basic steps in disassembly and re-assembly of the Disassembly
i pump remain the same whether or not it is equipped
with steam jackets.

. Remove valve cap.
‘ . Measure and record the length of extrnsion of the
JACKETED JACKETED adjusting screw.
. HEAD BACKFLANGE

. Loosen the lock nut and back out adjusting screw
until spring pressure is released.

. Remove bonnet, spring guide, spring and poppet
from valve body. Clean and inspect all parts for
wear or damage and repair or replace as necessary.

S R

Reassembly

Follow the procedure outlined under disassembly.
If valve is removed for repairs, be sure to replace in
same position. The valve cap should point towards

. JACKETED the suction port.
. CHAMBER

FIGURE 12

Valve Instructions

Pressure Adjustment

If the pressure setting of the valve is to be changed -

DG 3@ ® from that which the factory has set, the following in- o

CP f ? T T structions should be carefully followed: Remove the N
-

valve cap which covers the adjusting screw, and loosen
the lock nut which locks the adjusting screw so pres-

Lo L1 7 . . . .
. sure setting will not change during operation of pump.
=4 H H H A pressure gauge somewhere in the discharge line
» ] | must be used for actual adjustment operation. The
H U H H - adjusting screw should be turned in for increasing the
pressure or turned out for decreasing the pressure.
. With the discharge line closed at a point beyond the
! : 9 r : pressure gauge, the gauge will show the maximum
T pressure the relief valve will allow while pump is in

FIGURE 13 operation,

M AND HL SIZE

Important

In ordering parts for relief valve on head, always be
sure to give Model and Serial Number of pump as it
appears on name plate dhd the name of the part want-
ed. When ordering springs, be sure to give the pres-
sure setting desired.

T POWER EQUIPMENT COMPANY

[. o LIST OF ”"3‘. I 8400 PERRY HIGHWAY
, o LY. O e sl PITTSBURGH, PENNSYLVANIA 15237 ‘
: 3w - P ng 412-931-5678 .
i $. Bonnet 10, Sonnet Gashet
i .
' :' Viking Pump Division / Houdaille Industries. inc. / Cedar Falls. lowa 50613 U.S.A i
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Repair Parts

After the initiation of operations in the new NHC
facility the equipment that is installed will require occasional
maintenance, both preventive and repair. Adherence to pre-
ventive maintenance schedules and procedures will minimize
normal repair of wearing parts and emergency repair of failed
parts. In order to facilitate timely repair to minimize downtime
it will be necessary to stock a supply of repair parts for the
new equipment.

When the equipment orders are placed, the vendor will
be required to send detailed equipment operations manuals.

These manuals will form the basis for exact operating procedures
and maintenance procedures and also for an exact repair parts
listing. A generalized outline of the necessary spare parts
for plant operation can be provided-at this time.
The construction of the facility hardware, process
and utility piping will require the installation of large
numbers of valves. Selection of valve types and sizes has been
dictated by good engineering practice based on service con-
ditions, operation safety and convenience, flow control and
line sizing. Standardization of valves and fittings for various
services is delineated in the Dravo piping specification P-1.
A sufficient excess of valves and fittings will be ordered
initially to allow for modification of piping during installa-
tion if necessary and so that spares will be available. The
off the shelf items are readily replaceable. The majority
of the valves in the plant are manually operated. Automatically
switched valves are pneumatic solenoid operated. The actuators
for these valves will be spared for easy replacement from stock.
Locally mounted visually indicating instruments
(pressure and vacuum gages, thermometers, rotameters, etc) will
be stocked as replacement items. These must be stocked also
as add on items where additional information about the process
is required for control after startup. These are generally
off the shelf items,
A supply of V-belts will be maintained for that equip-
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ment which is belt driven. Bearings will be spared for venti-
tating fans. A large stock of fuses and other small electrical
supplies for area maintenance will be carried.

The process equipment repair parts list will be
detailed from vendor information supplied after orders are
placed. Equipment groups have common items normally spared
for repair maintenance. A listing by groups is provided.

312 -- Condensers: Gasket material, flow sight glass
322 -- Tower and Columns: Excess packing material, gasketing
material, sight glass
352 -- Unagitated Tanks
1) Storage Tanks: Level indicator, manway gaskets,
strainer if applicable :

2) Measuring Tanks: Sight glasses, level gages,
gasketing materials
3) Product Hoppers: Inlet/Qutlet valves, gasketing
materials
362 -- Agitated Tanks _
1) Liquid Tanks: Sight glasses, level gages, gasketing
392 -- Agitators: Bearing sets, mechanical seal rebuild sets
(wear faces, 0 rings, springs) :

2) B10 Reactor Loops: Metering valves, heating mantles,
heating controllers, cooling water control valves,
scraper blades, mixer bearing sets, mechanical seals,
rebuild sets, mixer motors

412 -- Pumps

1) Drum Pumps, Air Operated: Seals, O rings, packing,
springs

2) Process Pumps, Centrifugal: Mechanical seals and
rebuild sets, bearings, casing gaskets, wear ring,
impeller and shaft if interchangeable.

422 -- Compressors, Vacuum Pumps:

1) Vacuum Pumps: Seals, gaskets, valve plates, bearings
2) Compressors: Bearings, seals, valves and springs,
channels, gaskets
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442 -- Heaters and Coolers:

1) Water Chiller: Compressor bearinas, seals, refrig-

erant expansion valve, filters, tank level gage,
pump bearings, seals and gaskets, control system
parts.
2) Boiler: Atomizing nozzles, control system repair
parts, combustion air blower bearings
3) Cooling Tower: Fan bearings
4) Incinerator: Atomizing nozzles, sight glasses,
quench nozzles, filter bags, blower bearings,
discharge valve bearings, gaskets and seals, con-
trol system repair parts. _
452 -- Filters: Spare elements, gasket materials.
472 -- Package Systems:

1) Water Treatment: Control system repair parts
2) Boiler Chemical Treatment: Pump Bearings, seals
and gaskets

3) Condensate Return: Pump bearings, seals and gaskets

4) Deaerator: Spray nozzles, control instrument
repair ]

5) Instrument Air Dryer: DOrying media

6) Vacuum Distillation Unit: Heat control elements,
flow sight glass, level indicators, vacuum pump
seals, valve plates, bearings gaskets

7) Seal 0il Units: Bearings, gaskets, mechanical
seals and rebuild parts

492 -- Uninstalled Equipment: Fork truck wheels, tuneup parts
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APPENDIX A

B10 Reactor Tradeoff

Technical requirements have dictated a design for
the B10 production process based on multiples of a unit
reactor consisting of 3 identical 4" ID loops in series.
Correlation of experimental data on B10 yield as a function
of B2 feed rate has shown the following relationship, where
the B2 feed rate is expressed as 1b per hr per ftZ of heated
surace in a single loop:

B2 Overall Unit Reactor
Feed 3 Stage B10 Production
Rate B10 Yield Rate

(1b/hr ft2) * of Theory) (1b/hr)
0.02 78 0.059
0.05 68 0.126
0.10 61 0.227
0.15 57 0.315
0.20 54 0.399

Selection of the optimum number of reactors to achieve
30,000 1b/yr NHC production required a tradeoff between B2
utilization and the capital and operating cost of multiples of
the unit reactor. Tradeoff calculations, discussed below in
detail, indicated a process design consisting of the minimum
number of reactors (12 for 30,000 1b/yr NHC production) operated
at maximum productivity. This design selection minimizes both
equipment cost and unit product cost.

No detailed estimate of equipment cost is presented,
since any increase in the number of reactors beyond the minimum
required for production will result in increased total equipment
cost. Unit product cost tradeoff may be made by establishing a
cost basis for the 12 reactor design and then calculating the
incremental effects of operating labor and B2 costs as the number
of reactors is increased from minimum to maximum. The range of
yields shown in the previous table, which for 30,000 1b/yr NHC
requires 12 reactors at maximum feed rate and approximately 81 1
reactors at minimum feed rate.

) The basis for the unit product cost estimated for the
design case (12 reactors) is the May 1976 estimate except for a

usage rate of 2.16 1b B2 per 1b NHC. This breakdown is shown
in Table 1.
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Incremental 82 costs are derived from the curve of
! Figure ! s -ving tne 32 usage as a function of feed rate.

incremental labor costs for increased number of
' reactors were cal'culated on the following basis:

1 Operator per shift per 4 additional reactors
1 M & R per snift per 12 additional reactors
0.5 Supervision per shift per 12 additional reactors

For reactor units added in increments of 12, each increment
then requires additional direct labor:

——— L ] Q-

Operators 3 x4 =12 @ $5.70/hr x 2080 = $154,128
M &R 1 x 4 = 4 @ $5.70/hr x 2080 = 47,424
Supervision 0.5 x 4 = 2 2 $14,000/yr = 28,000
$229,552
T On a unit cost basis direct labor is tnen

$229,552 30,000 = $7.65/1b NHC

Adding plant overhead (@ 175%) and repair materials and operat-
ing supplies (@ 15%) the total labor associated cost increase

L per increment of 12 reactors including G & A @ 18% and Fee @ 10%
is $28.80/1b NHC.

Application of these incremental costs to the design
base unit cost breakdown shows that each increment of 12 addi-
tional reactors results in a higher unit product cost as
* illustrated in Figure 2. Thus the design base of 12 reactors
operating at maximum feed rate results in optimum unit cost.
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Table 1 - Unit Product Cost Breakdown
12 Reactor Design, 30,000 1b/yr NHC
(May 1976 Cost Basis)

1

|

|

| COST ELEMENT $/LB NHC
!

!

I

Raw Materials excluding B2 $ 37.92°
Solvents 3.37
] Utilities 1.21
_ Direct Labor 22.50
P Supervision 4 @ $14,000/yr
Operators 32 @ $5.70/hr x 2080
Maintenance & Repair 12 @ $5.70/hr x 2080
Analytical 4 @ $6.50/hr x 2080
Service 4 @ $5.20/hr x 2080
Plant Overhead 175% of Direct Labor 39.38
F Repair Materials and
Operating Supplies 15% of Direct Labor 3.38
Packaging Materials 0.82 :
i
I Sub Total 108.58 |
{
} G & A @ 18% 19.54
u l Fee @ 10% 12.81 4‘
‘ l Unit Product Cost (excluding B2) 140.93
’ B2 2.16 1b/1b NHC x $85/1b 183.60
: I Unit Product Cost (including B2) §324.53
t
!
]
| [
| |
9
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APPENDIX B

ENGINEERING FLOW DIAGRAMS
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CALLERY CHEMICAL COMPANY _.

RELIABILITY, AVAILABILITY, MAINTAINABILITY ANALYSIS REPORT

Abstract

The reliability, availability and maintainability of
the processes and equipment being designed for the production
of n-Hexyl Carborane at the Callery Chemical Company facility
have been examined. The critical components of the system have
been reviewed for operating conditions, materials of construction
and criticality of function and the potential modes of failure
have been described. A reliability factor has been applied for
each potential mode of failure. A maintainability factor of
repair time has been estimated for the various failure modes
and the estimated availability of each critical subsystem has
been calculated. The overall plant availability has been
estimated using the individual subsystem availabilities and a
facility block diagram. Reliability factors relating to long
term plant layaway are discussed and layaway and reactivation
procedures are discussed in general. The overall facility
availability has been estimated to be .883, requiring 340 days
per yr. to have available 300 stream days, versus a contract
requirement availability of .822, requiring 365 days per yr. to
have available 300 stream days.
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IT.

Purpose

Callery Chemical Company has been directed by }
technical requirement #6116 of Contract No. DAAK40-76-C-
1256 to design the low cost NHC facility with reliability, |
availability and maintainability as major considerations. !
The TR specifies that: ?

"The contractor shall include reliability,
availability, and maintainability as design parameters :
of equal importance with other technical and functional i
parameters. This will include the establishment of ]
reliability/availability, maintainability goals and ;
requirements. ]

The facility design shall include standard- |
ization, corrosion and deterioration prevention and
human engineering factors. 1

The contractor shall establish a quantitative
system availability, utilizing a block diagram of the
system; this availability will be apportioned among
the c¢critical major subsystems.

The contractor shall perform an availability
prediction entailing a prediction of each critical
major subsystem availability based on the knowledge
of the parts, functions, operating environments, and
their interrelationships. These predicted values will
be compared to the apportioned values and if required,
appropriate changes in the design will be accomplished
based on this analysis. A report per DI-R-3535/R-103-
2MOD as amended, shall be furnished the Government as
part of the final report.”

This study has been completed primarily to deter-
mine:

1. The operability and maintenance problems to be
expected in the new facility or

2. Those areas requiring additional design effort.

Secondarily, this report is furnished to fulfill
contract requirements.

Summary
A. Requirements and Results

This report outlines the relfability, availability
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and maintainability parameters incorporated into the
design of the NHC facility to be constructed at
Callery Chemical Company. These parameters were con-
sidered to be equally important with other functional
parameters. Availability goals were established
utilizing a block diagram of the NHC process and the
availability goal was apportioned to the critical
systems; B10, NHC, Waste Disposal and Utilities.

Based on the knowledge of operating conditions, equip-
ment function and construction materials, each

critical major subsystem has been examined and assigned
a predicted availability. At a design basis of

30,000 1b. NHC per 300 stream day yr. an overall system
availability of .822 is required to meet production
goals. The predicted overall system availability of
.883 requires 340 days per yr. to meet production
demands. This will allow for operability items which

i take longer to repair than predicted or which fail at

t - a higher rate than expected.

— GEN OGNS SEN w=y T (N

B. Definitions and Assumptions

The reliability, availability and maintainability
analyses which have been performed have been based on
several definitions. They include the following:

Reliability - How frequently a subsystem will
fail, or MTBF, mean time between failures.

I Maintainability - How long will the system be
shut down after a failure, or MTTR, mean
[ time to repair.
Availability - The fraction of time the system

is expected to be operating or MTBF/(MTBF +
M MTTR)

Criticality - The assessment of the extent of
system shutdown for short and long-term
ﬁ ‘e failure.

- Critical Systems - Those systems which, if failed,
' would stop production until the system is

- repaired and their function cannot be taken
over by other equipment. Eg.: NHC Reactor

rei

Subcritical Systems - Those systems which if
failed, would reduce production but can be
bypassed to alternate equipment at reduced
capacity. Eg.: The R-3 Reactor.

-4-
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Potential Mode of Failure - Any occurrence of
random frequency which will cause an immediate
subsystem shutdown or which repair time exceeds
the turnaround time and causes delays in pro-
cessing.

lost after the failure of a subcritical system
whose function is taken over by another
critical system causing reduced capacity.

There have been assumptions made which affect the
availability analysis which has been performed. [t has
been assumed that all material not meeting specification
can be reprocessed with some equivalent downtime but no
loss of the full production batch. It has also been
assumed that there will be no disaster situations (major
fire, explosion or natural disaster) which will cause
the destruction of long delivery time, equipment and
equivalent rebuilding time at this facility or critical
supplier facility. There is no allocation for labor
relations problems which might force temporary plant
closing or long-term reduced operation. Consideration
has been given to the operating conditions which equip- d
ment will encounter. High temperature, high viscosities,
- corrosive materials and foam prone materials in sub-
| systems increase the probability of failure and lower

reliabilities have been assumed in these cases.

i
|
I
l Equivalent Downtime - The measure of productivity
|
|
l

C. Conclusions and Recommendations

Many of the design considerations for the proposed
l NHC Plant have been based on the extensive operating

experience of Callery Chemical Company personnel and
the design experience of Dravo Corporation, the design
subcontractor. Callery has been developing and manu-
facturing boron hydride chemicals and engineering
process systems to handle these toxic, flammable and

L ~ often pyrophoric chemicals for many years. Repairing
equipment containing these chemicals is hazardous and
- safety has been a major consideration of Callery for

the existing plant and for the new NHC facility. Quite

often the reliability of a piece of equipment has a

‘. large bearing on the safety of the process so that
those aspects have been studied in the design effort.

I The process fluids being handled are generally
flammable, toxic or reactive so that the system has
been designed to minimize leaks and spills and vapor

I loss to the process buildings. All equipment in con-
tact with boron containing fluids is to be stainless
steel to avoid product contamination. The more durable,

l corrosion resistant stainless steel will improve the

-5-
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reliability significantly over carbon steel equipment.
A1l pumps and agitators in contact with boron containing
fluids will have high reliability mechanical seals to
prevent significant leakage. Most of the gasketing
materials will be teflon or equivalent, carbon or carbon
filled teflon for long 1ife. Most other materials will
swell, crack, or otherwise deteriorate. For the process
hardware most piping is welded or is fitted with high
pressure flanges and valves will have high resistance :
teflon seats. Although these design items add to the !
cost, the reliability and safety improvements warrant
the added cost.

A1l of the process systems operate under slightly
positive pressure (less than 5 psig) or under high-vacuum.
The low positive pressure operations reduce the mech-
anical stresses found in alternate moderate or high
pressure synthesis routes. The low pressure also limits
the severity of process fluid leaks. The vacuum pumps
in the high vacuum systegs are protected by methanol-
dry ice cold traps (-108°F) to prevent corrosive attack
and solids deposition by volatile borane chemicals and
reduce mechanical stress by limiting vapor flow to the
pumps.

Actual tests of incineration of simulated process
liquid wastes have been performed and successful collec-
tion of the innocuous solid wastes has been demonstra-
ted. The operation of this critical system will protect
the environment and reduce operator hazard. The vendor
design of this complex system is now based on actual
testing rather than less reliabile speculative opera-
ting conditions. The original design as conceptualized
proved to be faulty but the modifications incorporated
after testing will improve the long term performance
of the unit.

Maintainability of the process equipment has been
enhanced by the Dravo construction of fully piped pro-
cessed models. Maintenance can be performed without
the interference from other equipment and piping that
is often found in layouts from the drawing board. Easy
access to critical components of systems has been
established by the modeling.

Preventive maintenance programs for the facility
equipment will be thorough and based on the recommen-
dations of the vendor equipment manuals and the experi-
ence of Callery operating personnel. Since these
manuals are not yet available specific maintenance nro-

i Nl o e pud ey Gy GEN SN e i oo ouy N O S o O (BB
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cedures cannot be outlined.

To facilitate maintenance some of the pumps
specified (in line pumps) are of a design which do not
require the disassembly of the motor or the process
piping to replace the pump internals. Mechanical seals
and other rotating parts are easily accesstble.

In order to insure proper equipment selection for
reliable performance, a procedure was undertaken invol-
ving Callery and Dravo personnel., After input by
Callery concerning operating conditions for a group
of equipment, a general specification (eg. Heat
Exchangers) was written by the appropriate Dravo group.
Vendor equipment performance guarantees were written
into the spec as well as the necessary materials of
construction and corrosion protection instructions.
Following Dravo Management review and approval, the
- general Spec was reviewed and amended or accepted by the
, ' appropriate member of the Callery project group. The
' " specific item spec (eg. Pentane Condenser) was then
written, followed the approval pattern. The equipment
specs were sent to several vendors for quotations and
{ - a quotation analysis was performed after the quotes were
received. These Dravo gquotations analyses were reviewed
by Callery and the specified vendor was approved or
changed after review of the quotes. 1In all of the re-
views by Callery and Dravo, reliability, function,
safety and cost were major considerations. The Govern-
ment Project Management has also had specification
approval during the design reviews.

Equipment maintenance records will be kept to
detect equipment that has an abnormally high failure
record. This will aid in the selection of new equipment
if some pieces need to be replaced. It will also point
out where improved preventive maintenance procedures
are required. These records will aid in the availability
~ anaiysis which is to be performed for Contract No.
i DAAK-40-76-C-1256, TR #6116, Report BOOC, 19 months

- after the exercise of Option Il and 15 months after the

- exercise of Option IV.

pred G ey

1 The RAM analysis shows that the facility systems
will be available for a sufficient period to allow
Callery Chemical Company to meet production requirements
for NHC. There should be available time to be able to
c¢lose the plant for a scheduled two week summer mainten-
ance program. This may, in fact, be required if the
existing Callery facility continues its summer shutdown

-7-
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program and diborane becomes unavailable.

D. Long Term Storage Effects

1.

Summary

Long term storage will have no significant effect

on the reliability of the NHC production facility.
Some items would be partially dismantied for stor-
age but the majority of equipment would be thoroughly
cleaned, inerted and sealed. Reactivation would
require the probable replacement of seals and gaskets
and thorough leak testing of the entire system.

Discussion

a. Deactivation

In the event of deactivation and Tong term
storage of the NHC production facility, Callery
Chemical Company would be required to follow a
thorough and orderly shutdown procedure to min-
imize deterioration in the laid-away plant.
This procedure must also allow for the removal
of reactive chemical residue in equipment.

The in-service diborane pipe line would be
inerted, cleaned and sealed by our standard
procedure. Consideration would be given to re-
moving the pipe sections crossing route 855.

Pipe deterioration would be no greater than
normal. In the B10 area, the reactors would be
thoroughly cleaned with solvents, purged with
nitrogen and sealed. The heating mantles would
be removed and stored to prevent moisture attack.
The auxiliary systems, hexane recovery and
dissolver-filter would be washed out and inerted.
The majority of the building piping is stainless
steel and should suffer no damage. Carbon steel
systems are protected from the environment.

In the NHC area, all equipment will be
washed free of all residue, nitrogen dried and
sealed. Fresh lubricating oil would be added
to vacuum pumps and other oil systems. All
equipment inside the NHC building could remain
in place without concern regarding reliaoility
after layaway.

A1l supporting systems could be shutdown,
the cooling tower flushed and drained, the




CALLERY CMHEMICAL COMPANY it it e o e e e e e o - -

boiler purged, air compressors turned off.

Any cooling needed could be provided with plant
water., OQutside pumps could be protected

against the weather but it should not be necess-
ary to dismantle and store pumps.

The incinerator system should be one of the
last systems to go into layaway so that all
waste solvents from cleaning and aqueous wastes
from washdowns could be consumed. The filter
bags should be removed from the baghouse and
cleaned. A1l moisture-absorbing solids, such ;
as the sodium borate or boric acid should be :
removed first as dry powder and then water
washed to the MSA/Callery effluent system.

Burner nozzles would be removed and the inciner-

ator furnace sealed. The baghouse shell, which

d depends partially on its temperature against

: corrosive moisture attack, may suffer some de-
terioration due to weathering. The cleaning of
soluble, corrosive salts will significantly slow ‘
attack on the baghouse shell. ;

ey G OGN BN o N (B
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; . b. Layaway

During layaway a program of occasional
corrosion inhibiting painting would need to be
instituted. Equipment would be physically safe-
guarded only by the fence; however, this should

l be sufficient.
c. Reactivation
‘ I There will be reliability problems during
. startup after a long-term shutdown. Most of the
problems will be minor in nature and probably
I only last through the startup period. Many seals

will fail due to normal compression set of elas-
tomeric materials. Pumps and other rotating
equipment will need to be thoroughly tested
before reactivation. Regular gasketing materials
should not deteriorate to failure, but piping

I systems will need to be pressure leak tested.

. Process vessels will require the same inspections.

Electrical contacts often have the tendency
to form oxide coatings during long periods of
non-use, and this will also cause post layaway
startup problems. Failure of control systems
may be a hazard during reactivation, but these
problems should be noted only during startup.
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After the reactivation startup with the
above problems, the facility should return to
the mode of random failure until the plant
nears the end of its economic 1life.

ITI. System Description

A. Narrative Description

NHC is produced in a two phase operation, the i
continuous pyrolysis of decaborane B10 from diborane
B2 in the B10 Building and the batchwise solution syn-
thesis of NHC from B10 in the NHC Building, following
the flow of the system block diagram (Figure #1).

Diborane is piped from the Callery production
facility into the B2 distribution system of the B10
Building. Metered amounts of B2 are fed into the first
stage of the convective circulation pyrolysis reactor.
Decaborane and boron hydride intermediates and polymer
are formed in the heated leg of each stage. The B10
is condensed in the chilled water cooled leg of the
: reactor and removed by a mechanical scraper. After
1 several recirculative passes, the product gases con-
: taining B2 are bled into the second stage of the three
stage reactor. The same heated/cooled configuration
applies in the second and third stages. After the
} - third stage reaction recirculation, the high hydrogen,

lTow B2 off gases are vented to waste disposal. At

I the completion of a 15 shift operation, the reactor

is purged with nitrogen and the collected product

hoppers are disconnected and dumped into the dissolver.

The B10 remaining in the reactor loops is washed out
l with solvent hexane which is evaporated to yield
crystalline B10 when the hexane reaches saturation.
The reactor is then washed with methanol-acetone which
will digest any remaining BH Polymer. This waste sol-
. vent is drained to the process drain tank for inciner-
, ation. The B10 dissolved in reaction solvents R1 and
) R2 is filtered and transferred to the NHC Building.

i — oy o o— oy oy o

In the NHC Building, the dissoived B10 is processed
- batchwise through several operations to yield crude
! NHC. This crude NHC is purified by solvent extraction,
washing and distillation to yield a high purity product
\ I which is drummed off for shipment.

In the R3 Reactor, the dissolved B10 is mixed with
R3 to form a B10 sulfide liquid. This exothermic
reaction continues over a 24-hr. period. This re-

’ ; action product is then transferred to the NHC Reactor
i feed pot which adds the sulfide product into refluxing
: R1 and l1-octyne. After the NHC reaction is completed
ik -10-
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in two hours, total reflux is continued for an hour
and then the excess reaction solvents are stripped
under vacuum. The NHC containing reactor residue is
pressure transferred to the planetary mixer where R4
is added to digest non-NHC decaborane species. This
viscous solution is then extracted with four pentane
additions. The NHC is dissolved in the pentane and

a tarry residue remains in the planetary mixer. This
residue is thinned with toluene and is transferred to
the process drain tank.

The pentane-NHC solution is washed with caustic
and salt water washes in the NHC wash tank. The
washed Pentane-NHC extract is pumped to the NHC puri-
fication kettle. In this kettle the majority of the
pentane is stripped from the solution using low
pressure steam in the kettle jacket. The recovered
pentane is then pumped back to storage. The NHC
containing residual is pumped to the vacuum distill-
ation unit where the forecut from the previous batch
is recycled. Three overhead cuts are taken in this
high vacuum unit. The first waste cut contains mostly
pentane and other volatile organics and organoboranes
remaining after the NHC purification atmospheric
distillation. The second cut, the forecut, is high in
NHC but contains too many volatiles and is held for
recycle. The final overhead cut is the product which
is pumped to drums, analyzed, weighed and prepared for
shipment. The residue Eemaining in the pot after the
temperature reaches 392°F. and the pressure reduced to
.5 mmHg absolute is cooled and thinned with toluene
and pumped to the process drain tank.

A1l of the waste from the facility with the excep-
tion of the sanitary sewage is disposed of in the waste
disposal unit. The boron containing organic liquids
all drain to the process drain tank. The plant aqueous
wastes, the caustic/salt washes, floor washings and
boiler water conditioner regenerative waste all drain
to the aqueous drain tank. Both of these drain tanks
feed into the incinerator. The four vent headers from
the two process buildings also feed into incinerator.

The B10 vent header containing B2, hydrogen and nitrogen,

the wash vent containing volatile organics from the B10
Building and the NHC vent header containing volatile
organics from the NHC Building vent to the incinerator
after discharging through seal pots. The high velocity
header, primary for dust and toxic vapor collection
discharges directly to the incinerator and is used as
combus&ion air. The incinerator gasses are quenched

to 400°F. The particulates, mostly sodium carbonate,

-11-
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sodium chloride and sodium borate salts, are collected
in a baghouse and drummed off for contract landfill.

A fourth seal pot is provided as overload protection
for the 3 vapor stream seal pots in an upset condition,
At high vapor flow rates the 6" water pressure is
overcome and the excess gases vent ot the emergency
flare for safe combustion.

Electricity, natural gas, process water and liquid
nitrogen are supplied by outside utility companies.
Steam, gaseous nitrogen, cooling water and compressed
instrument air are utilities which are produced on
site. A1l of the utilities have excellent availability.
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B. NHC FACILITY BLOCK DIAGRAM
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NHC FACILITY PREDICTED SYSTEMS AVAILABILITY SUMMARY

B-10 Area
.995 B-10 Reactor Loops * .90
Dissolver-Filter . 995
Hexane Recovery 1.00
NHC Area
.9243 R-3 Reactor .995
NHC Reactor .98
Planetary Mixer .975
NHC Wash Tank .997
NHC Purification .985
NHC Distillation .99

Waste Disposal

.970 Incinerator .975
Tanks and Pumps .995
Utilities
.990 Steam, N2, Water, Gas 1.00
Cooling Water, Air,
Power .99
Al = A B-10 X A NHC X A WD X A UT
Al = .995 X .9243 X .97 X .99
Al = .883

Design Basis: 30,000 1b./300 Stream Day Yr.
A I1.D. = 300/365 = .822
Predicted System Availability, .883 Requires 300/.883

or 340 days per yr. scheduled operation. This would
permit two week annual maintenance shutdown.

*B8-10 Reactor Loops not critical if availability is not
less than overall system.

-14-
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I. Subsystem Summary

A. B-10 Reactor Loops Subsystem

1.

Equipment and Function

The B10 Reactor Loops pyrolize the raw material
diborane into the intermediate product decaborane.

One reactor (36215-17) consists of three con-
vective circulation loops, each with an electrically
heated vertical leg for pyrolizing the diborane feed
to decaborane, a vertical chilled water jacketed leg
for condensing the decaborane and two horizontal
crossover legs. The byproduct hydrogen, intermediate
boron hydrides and diborane are recirculated through
each loop and bled into the successive loop. The
primarily hydrogen off gas from the third loop is
filtered (45206) and vented to a vent header. The
product decaborane is mechanically scraped from the
condensing walls into the product hoppers (35252) and
some BH Polymer is entrained. After the reaction per-
iod the reactor is purged with nitrogen, the product
hoppers sealed and removed and the loops flooded with
hexane to dissolve any B10 in the reactor then flushed
with a methanol-acetone mixture pumped (41213) from a
head tank (36201) to dissolve any BH Polymer. BH
Polymer entrained in the hexane wash is filtered (45201)
and this filter is backflushed with methanol-acetone.
The waste solvent is pumped to the process drain tank.

Criticality

The large number of reactors (12) running in
parallel will yield a steady flow of decaborane. The
overall availability of the twelve reactors must equal
the overall availability (.822) of the entire plant in
order to mee: production demand. These conceptually new
and complex reactors may have operational problems with
flow restriction and plugging but the ongoing work on the
pilot plant reactor design is yielding constant improve-
ment in operability. Present expected availability is
approximately 90% with additional washout but the con-
tinuing reactor design effort should result in an
improvement. The methanol-acetone washout is a mechan-
ically simple system with boron polymer dissolution rapid
and complete. Potential modes of failure are quickly

and easily corrected allowing a high availability in the
washout system.

»
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Potential Modes of Failure - Cause & Effect
Probability

Reactor Pluggage - Solids buildup in crossovers
will shutdown reactor flow for premature
cleanout. MTBF= 11 days MTTR = 1 day

System Leakage - Thermal and mechanical stress
leaks would cause reactor shutdown for
resealing. MTBF = 180 days MTTR = 1 day

Instrument Failure - Sensitivity of electronic
parts causing shutdown to replace. MTBF = 75
days MTTR = 1 day

Al= T x80x 22 - 8996

B. Hexane Wash and Recovery Subsystem

1.

Equipment and Function

The hexane wash and recove © . “em is designed to
dissolve any decaborane remainin .. t(he reactor loops,
filter any entrained polymer, v.::uum distill the hexane
for recycle and recover crystaliine decaborane.

The hexane is pumped from drums to the hexane hold
tank (35241). The solvent is then pumped (41237) to
fill the reactor loops then pumped through the borane

"polymer filter back to the hold tank. When the hold tank

is saturated with B10, it is pumped to the wash system
kettle (36204). The hexane is then distilled through a
condenser (31205), recovery receiver (35214) and cold
trap (35215) before the vacuum pump (32201). Non-conden-
sables are exhausted into the vent header. The recovered
hexane is pumped (41217) back to the hexane hold tank.
After 100 1bs. of B10 is recovered raw materials R1 and
R2 are added to the still kettle to prepare a batch to
feed to the R3 Reactor.

Criticality

The hexane wash system is necessary to maintain
efficient operation in the B10 Reactor Loops. The
minimum equipment necessary to complete the washout is
a drum pump to pump the hexane to the head tank. From
there it can gravity flow into the reactor loops and to
the process drain tank with some loss of B10 (about 2%
of production). Potential modes of failure in this
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4.

system (mostly leakage) can be repaired with little
loss of production. The hexane recovery system will
operate less than 2% of the time and repairs can be
made with no loss of production during the normal
downtime on the still.

Potential Modes of Failure - Cause & Effect -
Probability

System Leakage - Chemical and mechanical stress
causing mechanical seal failure or other seal
failure may delay washout or distillation.

MTBF - 180 days MTTR 8 hr. Not critical - No
lost production.

Al =1.00

C. Decaborane Dissolver - Filter Subsystem

1.

Equipment and Function

The Dissolver Filter System receives decaborane
from the product hoppers, forms a solution with Rl
and R2 and filters the BH Polymer from this solution
as the feed for an R3 Reaction Batch.

Decaborane is weighed into the dissolver (36202)
as a dry powder. R1 and R2 are added through measuBing
pots (35208, 35209) and the kettle is heated to 100 F.
with steam in the jacket and agitated. The solution is
pumped (41231) through the dissolver filter (45205) into
the dissolver surge tank (36210). The filter is back
flushed with methanol-acetone which flows to the process
drain tank.

Criticality

Since all of the decaborane produced flows through
dissolver system, it is the most critical in the B10
area. It is buffered from the front by the large holding
capacity of the product receivers and from the back by
the dissolver surge tank, capable of holding a full
dissolver batch. The system will be in mechanical opera-
tion about one hour per day and probable failures can
be corrected in less than 24 hours. The system will
have a high availability.

Potential Modes of Failure - Cause & Effect
Probability

Seal Leakage - Thermal and mechanical stress

-3-
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causing seal Teaks would delay processing
while being repaired. MTBF 200 days
MTTR 8 hrs.

Pump Failure - Mechanical wear causing poor pump
performance MTBF = 300 days MTTR 1 day

4. A1 = 200 300 _
200.33 * o7 = 995

D. R-3 Reactor Subsystem

1. Equipment and Function

it omeg e ww=y Gung |

The R-3 Reactor is designed to react the R-1/R-2/

] Decaborane solution with butyl sulfide to yield a
‘ complex which will react with 1 octyne in the NHC
Reactor.

The filtered dissolved decaborane is gravity fed
to the R-3 Reactor (36205) from an agitated surge tank
(36210). R-3 is pumped (41209) from a drum through a
F measuring tank (35216) and into the R-3 Reactor. The
. reaction is exothermic and is controlled by cooling
water circulating through the reactor jacket. Hydrogen
is liberated in this reaction and is vented into the
NHC vent header. The reaction is essentially complete
in 24 hrs. and the low viscosity reaction mass is
pumped (41218) into the NHC reactor feed pot (35207).
Dissolved decaborane from the hexane recovery still
is also reacted in the R-3 reactor as a blend with
regular production decaborane. The wash product B10
has its own surge tank/feed pot (36212).

2. Criticality

The R-3 Reactor will be in service nearly continually
due to the 24 hr, reaction time. It can be bypassed
by using the NHC Reactor for the R-3 Reaction at
approximately 50% equivalent downtime. Potential modes
of failure (sealing and pumping problems) are easily
corrected but may require a clean system for repair.
Short-term loss is not critical to the production
capacity. The Tow viscosity system will have good
inherent availability.

3. Potential Modes of Fajlure - Cause & Effect
Probability

Seal Failure - Thermal and mechanical stress leaks
causing cleanout of this reactor to repair.
MTBF = 360 days MTTR 1 day

-4-
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Pump and Agitator Failure - Mechanical wear
causing shutdown to replace rotating parts.
MTBF = 3 yrs. MTTR 2 days

Instrument Failure - Sensitive electronic parts
fail causing delay in processing. MTBF = 360
days MTTR 8 hrs.

- 360 1080 360 -
4. A1l = 3T X T0872 X I80.33 ° .9945

E. NHC Reactor Subsystem

1. Equipment and Function

The NHC Reactor System reacts the R-3 decaborane
complex with refluxing l1-octyne and R-1 forming NHC.
The excess solvents are then stripped and condensed.
The NHC containing residue is then transferred to the
planetary mixer.

R-1 and 1-0Octyne are pumped from drums into
separate measuring pots (35217, 35218) and fed into
the reactor (36206). The R-3 complex is added from
the feed pot (35207) over a period of two hours and
the temperature is held at reflux. An NHC-sulfide
complex is formed. After the reflux period, the
solvents are vacuum stripped through a condenser (31206)
waste receiver (35219) and cold trap (35220) before
the vacuum pump (42204). Reaction waste is pumped
(41219) to the process drain tank and non-condensables
are vented to the NHC vent header. The NHC-sulfide
complex residue and other by products are high viscos-
ity and are nitrogen pressurized to the planetary
mixer.

2. Criticality

The NHC Reactor is critical to the manufacture of
the product NHC. There is no other piece of equipment
that can accommodate the reflux and solvent stripping
and the resultant high viscosity mass that remains.

The unit is in operation 8 hours per day so that

short term maintenance problems will not result in a
significant loss of production. The unit is buffered

by the NHC feed pot. With regular preventive main-
tenance and thorough cleanout, the inherent availability
will be good.

3. Potential Modes of Failure - Cause & Effect
Probability

Condenser Failure - Distillation of high boiling

. —y—r—s — - .
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liquids and foaming could foul condenser
shutting down reactor for cleanout. MTBF =
180 days MTTR = 1 day

Instrument Failure - Electronic control systems P
malfunction necessitating shutdown to
repair/replace. MTBF = 360 days MTTR 1 day

Vacuum System - Failure of rotating parts and i
vacuum leaks which cause reactor shutdown.
MTBF = 360 MTTR 2 days.

Seal Failures - Valving and agitator seal leaks i
causing shutdown of reactor system to repair. i
MTBF = 180 days MTTR 1 day.

peyf o=y @EENY DNE O o=w o= (DN

, 4. A = 180 X 360 X 360 X 180 _ 9808 . {
F. Planetary Mixer Subsystem ?

1. Equipment and Function

t

} The planetary mixer is used to react the NHC

: Reactor residue with R-4, pyridine and remove the
sulfide from the NHC. This product is extracted with
pentane in the high work mixer. The pentane NHC is
pumped to the wash tank and the residue diluted and
drained.

4

The NHC residue pressured from the NHC Reactor is
fed directly into planetary mixer (45202) and pyridine
is pumped (41210) through a measuring pot (35221) and
fed slowly to the residue. After reaction, pentane
is pumped (41204) from the storage tank through a
measuring pot (35222) and into the mixer. After the
mixed extraction period the agitator is shut off, the
residue settled and the pentane layer is pumped off {
(41220) to the NHC wash tank. The extraction is repeated ¢
4 times. The remaining residue is thinned with toluene, ;
pumped (41205) from storage through the toluene ‘
measuring pot (35223) and the thinned mass is pumped to :
the process drain tank. ’

Criticality

The planetary mixer is critical to the production
capability of NHC. It is the only piece of equipment
that can perform the extraction efficiently. This burden
could possibly be performed inefficiently in the NHC
Reactor with loss of yield due to poor agitation and
production loss by preventing continued NHC reactions.
The maintenance requirements and costs on this mixer
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G. NHC

could be high due to the heavy strain imposed by the
high viscosity residue. The unit is in operation

7 hrs./batch so that preventive and minor repair main-
tenance can be performed without loss of production.

Potential Modes of Failure - Cause & Effect
Probability

Agitator bearing failure. High viscosity residue
causing excessive bearing wear necessitating shutdown
for replacement. MTBF = 180 days MTTR = 3 days.

Seal Failure - System leaks causing shutdown to
repair/replace MTBF = 180 days MTTR = 1 day

Instrument Failure - Sensitive electronic parts
fail shutting down mixer to replace. MTBF = 360 days
MTTR = 1 day.

A1=-}-g-gx3,-§-‘1’—x§-g%=.9755

Wash Subsystem

Equipment and Function

Pentane - NHC from extraction is washed with two
salt and two caustic washes to break down any non-NHC
higher borane molecules. The washed pentane-NHC is
pumped to the NHC purification kettle. .

Pentane is pumped into the NHC wash tank (36208)
in four extraction cuts. It is then washed with
caustic/causti¢/dalt/salt solutions. 50% caustic is
pumped (4121 ) from a drum into the caustic dilution
tank (36209) where it is diluted with water. This 8%
solution is transferred (41221) to a measuring pot
(35225). It is gravity fed into the wash tank, agi-
tated, settled then drained to the aqueous drain tank.
The pentane layer is recycled to the wash tank through
a hold tank (35238) and pump (41234). Dry salt is
weighed into the salt dilution tank (36207) and diluted
with water. This 5% solution is pumped (41222) through
a measuring pot (35226) and gravity fed to the wash
tank. The wash procedure is the same. After the four
washes, the pentane layer is pumped (41223) to the NHC
purification kettle.

Criticality

The wash system removes many impurities from the
pentane extract which can be removed in the final
distillation step. However, this procedure makes the

-7-
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vacuum distillation much more difficult to control

due to gas formation and higher residue formation.

The wash process takes about 5 hrs. and the probable
modes of failure (sealing problems) are easily corrected
in the normal downtime so this unit should have
excellent availability.

Potential Modes of Failure - Cause & Effect
Probability

Pump and Agitator Failure: Wearout of rotating
parts causing shutdown to remove and replace.
MTBF = 2 yrs. MTTR = 2 days

AT = ;-g-g=.997

Purification System

Equipment and Function

The NHC Purification Atmospheric Distillation
Still strips and recovers pentane from the washed pentane
extract.

The washed pentane extract is pumped into the NHC
purification kettle (35227) which is heated with low
pressure steam. The pentane vapors flow through a packed
column, are condensed (31207) and the stream split
equally to flow to reflux and to the receiver (35239).
After the bulk of the pentane is stripped, it is pumped
(41235) back to storage. The pot residue is pumped
(41246) to the vacuum distillation unit,.

Criticality

This unit performs a distillation that could be
handled by the final vacuum distillation unit at a
reduced efficiency and some loss of production and
loss of pentane. The batch time in the still is five
hrs. and this is the simplest distillation due to a
one solvent fraction, atmospheric pressure, and little
or no foaming in the operation. The column packing may
require regular cleanout but this can be accomplished
with no loss of production. This system will have high
availability.

Potential Modes of Failure - Cause & Effect
Probability

Control Instrument Failure - sensitive electronics
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failure controlling distillation resulting in
shutdown to repair or replace. MTBF = 180 days
MTTR = 1 day.

Seal Failure - Mechanical and chemical stress
causing leaks resulting in shutdown of
operation. MTBF = 360 days. MTTR = 1 day

Pump Failure - Rotating parts wearout causing
shutdown to remove and repair MTBF = 2yrs.
MTTR = 2 days.

Condenser Pluggage - Solids and tar buildup during
batch causing shutdown before batch completion
to cleanout. MTBF = 270 days. MTTR = 1 day.

7 < 180 360 730 270 _
4. AI-meXm‘XﬁT-.gss

J. NHC Vacuum Distillation Subsystem

1. Equipment and Function

The vacuum distillation unit distills the residue
from the atmospheric still into four fractions, one of
which is high purity NHC product.

The vacuum distillation unit (47210) receives the
stripped residue from the atmospheric still and the
forecut from the previous batch is pumped (41236) into
the still. The absolute pressure is gradually lowered
and the temperature of the electrically heated still
pot raised. The overhead vapors pass through the packed
column, are condensed and refluxed and the first cut
taken is pentane and volatile byproducts which is pumped
(41224) to the process drain tank. The second cut, or
forecut, is low purity NHC and is recycled in the sub-
sequent batch. The third cut, the NHC product is pumped
(41225) off for packaging. Toluene is measured (35224)
into the still and the thinned residue is pumped to the
drain tank.

2. Criticality

This distillation has proven to be difficult on the
pilot plant scale. Since this is the final step in
the process and determines the purity and yield of the
batch production, efficient operation is mandated. Batch
cycle time is uncertain, possibly 16 hrs. Two units
are to be installed, the second serving as a spare or
for redistillation of off purity material. High main-
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tenance is expected due to the high vacuum service.
Regular cleanout and preventive maintenance will
provide acceptable availability in a single unit and
high availability in the parallel units.

Potential Modes of Failure - Cause and Effect
Probability

Low Purity NHC - Poor operational control resulting
in off spec NHC requiring redistillation.
MTBF = 15 days. MTTR = 1 day.

Column Buildup - Buildup of solids and tars in
column requiring shutdown to dissolve and
clean MTBF 90 days - MTTR = 1 day

Vacuum System - Mechanical wear in vacuum pump
will not permit full vacuum (.5 mm Hg) causing
shutdown to rebuild. MTBF = 180 days
MTTR = 3 days.

r—¢ ewny WS TR BN oam W |
w

Instrumental Failure -~ Control instruments fail
requiring shutdown to repair MTBF = 180 days

- 2

i : MTTR = 1 day.
T Piping System Leaks - Thermal and mechanical
'S stress leaks causing shutdown to repair

MTBF = 180 days. MTTR = 1 day.

4. A I (1 unit) = }% X %% X }%% X }%% X }%% = .902

A1 (parallel) = 1.-(1.0-.902)2 = .990

K. Waste Disposal System - Incinerator Subsystem ﬁ

L. Equipment and Function

The incinerator receives all of the process
waste gases and liquids, oxidizes them completely and
precipitates and collects the particulates formed for
; disposal as dry solids.

+ oy L o

Gaseous and vapor streams from the process vent
headers pass through three seal pots (35236, 35257,
35258) which maintain a slight positive pressure on
the vents. These feed directly to the incinerator
(44204). A fourth seal pot (35237) provides pressure
relief for the three seal pots and feeds directly to
the emergency flare. Waste organic Tiquids from the pro-
cess drain tank (35232) are pumped (41229) into the incin-

-10-
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erator process feed tank (35233). This liquid is
pumped (41230) to the incinerator on an intermittent
basis to compensate for reduction in flow of organic
vapors. The waste aqueous stream is pumped (41243)
from the drain tank (35250) to the feed tank (35251).
This is pumped (41244) on a continuous basis into the
incinerator to react with the oxidizing boron species.
The dirty waste gases are quenched with water sprays and
particulates are filtered through the bag house. The
collected solids are drummed for disposal. The incin-
erator operation is automatic to minimize the use of
auxiliary fuel.

Criticality.

The incinerator oxidizes all of the toxic and
polluting waste materials from the process and converts
them into innocuous materials. Production should stop
if the incinerator is shut down. The emergency flare
will handle the process vapor flow but all efforts must
be made to exclude volatile boranes from this stream.
The B10 area must be shut down as well as most of the
NHC area. The incinerator is being designed to be as
reliable and maintainable as possible. The baghouse
is compartmentalized so that one section can be isolated
if there is bag failure. Many operational parts are
replaceable with the unit in restricted operation.
Refractory problems are probable wiBh the glass forming
boron oxides. Relatively low (1600° F) furnace temper-
ature should slow any refractory degradation. Auxiliary
equipment (tanks, pumps, seal pots) will have high
availability with short term loss not critical and easily
repairable.

Potential Modes of Failure - Cause & Effect
Probability

Refractory Failure - Occasional heating and cooling
cycles and chemical attack gradually deteriorate
refractories causing shutdown to rebuild.

MTBF = 6 yrs. MTTR = 18 days.

Filter Bag Failure - Mechanical wear and thermal
degradation cause lower collection efficiency
requiring shutdown to replace bags. MTBF 240
days. MTTR = 3 days

Instrumental Control ~ Malfunction of controls
causing shutdown to repair. MTBF = 180 days
MTTR = 1 day.
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L. Utilities Systems

Feed Pump Failure - Mechanical wear and chemical
stress failures causing process shutdown after
drain tanks fill. MTBF = 180 days
MTTR 1 day

240
7175 * 723 * Te1 X 17 = 970

)

1. Equipment and Function

NHC production equipment.

a.

The process utilities provide the support for the

Electric power is purchased from Pennsylvania
Power Co. and is available as 120 V. single phase
or 460 V. three phase. Electricity is critical
to the operation of the plant, but is highly
reliable.

Process water is purchased from Evans City and is
held in two 1/2 million gallon reservoirs.
Pressure is provided by a jockey pump and a
diesel fire pump if electricity is lost.

Natural gas is purchased from the Peoples Natural
Gas Co. and is piped from the existing Callery
plant. It is critical only as pilot fuel for the
flare and cylinderized gas (propane) could be
substituted for short term use. It is highly
reliable. A1l other fuel consuming equipment is
operated on #2 fuel o0il.

50 psig steam is provided by the electrically heated
process boiler (44202A) and the o0il fired building
heat boiler (44202B). These are serviced by the
water treatment unit (47201), the boiler chemical
treatment unit (47202), the deaerator (47204) and
the condensate return unit (47203). Dual systems
provide extremely high reliability. Fuel oil is
backed up by natural gas.

Nitrogen, used for inerting the process and equip-
ment, will be purchased and stored as a liquid in
the nitrogen storage system (47207). Since nitrogen
supply is extremely critical to the safety of the
operation, the liquid storage will be backed up

by a high pressure cylinder manifold system for

the unlikely event of the liquid system failure,.
Availability must be 100%. 50 psig nitrogen gas
will be generated from the liquid.

-12-
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f. 100 psig. instrument air and the breathing air
are provided by the dual air compressors (42203
1 and 2) and instrument air dryer (47206). 1
Instrument air supply is critical to the plant H
operation since all air operated process valves
should fail in a safe position if air is lost.
Safe position will normally be non-operational.
High availability is inherent in this system with
proper maintenance. Maintenance requirements will
be low. '

g. Cooling water and chilled cooling water provide the
heat transfer necessary to efficiently operate
the processes. The cooling tower (44203) provides
all of the cooling for the plant, with the
exceptions of the B10 reactor condenser legs and
the pentane condenser, which are cooled by the
chilled cooling water system (44201). Loss of
chilled water would not be critical but would cause
decreased yields in decaborane production and
reduced pentane recovery. The loss of all cooling
water would necessitate a shutdown, but reliability
is excellent and probable failures (system sealing)
are quickly and easily repaired.

2. Criticality

The criticality of each individual system has been
discussed above. Failure of electricity supply would
be the most critical item, but there can be no backup
system. Nitrogen is also extremely critical to the
operability of the plant but the liquid/vapor supply
system will provide the necessary reliability. The
dual air compressors provide excellent reliability
with partial load shifting in the event of failure
of one unit. Production may be slightly curtailed.

The cooling water is recirculated by two pumps feeding

a common line. Loss of one pump would not cause

- significant production delays. The overall availability
of the critical utilities will be very good.

prond gumyg i

3. Potential Modes of Failure - Cause & Effect
Probability

re

Steam, water, gas and nitrogen should not fail in
the 15 year economic life of the plant.

Electricity - Loss from utility company or insulator .
ground fault would shut down plant. MTBF = 90 days
MTTR = 12 hrs.

-13-
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4.

Compressed Air Failure - Wearout of rotating parts I
causing shutdown to repair. MTBF = 4 yrs. ‘
MTTR = 2 days

Cooling Water - Failure of pumps resulting in shutdown
to repair MTBF = 360 days. MTTR = 1 day.

.90 1840 . 360 _
Al =555 X 1737 X 387 = -990
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INSTRUMENT WORK SHEET NO. 9.1

RELIEF VALVE CALCULATION CONTRACT NO.: 7 739
GAS OR VAPOR ITEM NO.: pP:/-10
& FLOW SHEET NO.: 1'J-70]
(See Engineering Procedure No. 20) MADE BY: ppT DATE: 4-75-17
CHECKED BY: DATE:
- BASIS OF SIZING: Critical Velocity . -20
' FIRE EXPOSIRE 9 JPOCET (yLl of wlag SHT 3:."55
GENERAL
Vessel Item Number & Description: 35706 PO s pr7oR
Vessel Dimensions: Dia.: 2 - Ft. Straight Shell: 3 Ft.
Design Pressure: JACKET rv (150 ~_psig Design Temperature: A °F.
Insulation: Ik Volume: Cu. Ft.

PROPERTIES OF CONTENTS

Fluid WPTEX CK = dy'= #/cu.ft. E = () . BTU/Hr.
h = BTU/Hr/Sq.Ft. Kgp = __ I 0 L, = 2% BTU/# M =
Pp= _1%n psig Py = 2% psia T = 31an Muen 'RV = 0 gpm
= ]
CALCULATIONS
1. Wetted surface (Horizontal) § = m D(.4D + .67L) = sq. ft.
(Vertical) S = v D(.25D + L) = 1) sq. ft.
Fire Conditions 'Heater Duty
Py = 1.2 x Design Press. P; = 1.1 x Design Press.
yAsTe e,“‘:‘;“t . . -~ . -
2. Heat input rate = H BTU/hr. 03 X "0 (00 S ot T 0
3. Total heat input rate BTU/hr. ‘17 '«
Q=H+E )
4. Vapor generation rate #/hr. )
¥ = Q/Ly
5. Vapor displacement rate #/hr. o)
WZ = 8.02VI?V
6. Total discharge rate #/hr. |- n
WaW +W
7 St A* L ) i 04
. eam: - = 8q.1in. 0!
-~ 50P1Kgp q.in
8. Other ., _ W / ZT sq.in.
Vapors: CKP, M
9., Gases - At =» SCFM/ZTM sq.in.
by volume: 6.32CKP
(SCFM @ 14.7 psia and 60°F)
A
10. Relief valve size required: AL Selected:

21f ASME Code applies, divide A by 0.90.
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. BASIS OF SIZING:

INSTRUMENT WORK SHEET NO. 9.1

RELIEF VALVE CALCULATION CONTRACT NO.: Z 717
GAS OR VAPOR ITEM NO.: ¢ /-1
v . . FLOW SHEET NO.: Y
(See Engineering Procedure No. 290) MADE BY: r¢— DATE: ul- 75-71]
CHECKED BY: DATE:

Critical Velocity

Shv.e'fi"'@ z

L6 EXPISVRE To MACXYET  FuLEd v T WATER
GENERAL
Vessel Item Number & Description: 3 6109 R-v Rep(TOR
Vessel Dimensions: Dia.: 1'~ Ft. Straight Shell: /7 't Ft.
Design Pressure: JACKET . ~Y) psig Design Temperature: ~ 1 °F.
Insulation: — Volume: Cu. Ft.
PROPERTIES OF CONTENTS
Fluid p/A 778 CK = __dy = #/cu.ft. E = 0 BTU/Hr. !'
h = BTU/Hr/Sq.Ft. Kgh = SO = 27 BTU/# M = :
P=_ 10" psig Py = 135 psia T = " V= N gpm
Z= .
CALCULATI_ONS 4]
1. Wetted surface (Horizontal) S = m D(.4D + .67L) = sq. ft. !
(Vertical) S = D(.25D + L) = -] sq. ft.
Fire Conditions ‘Heater Duty
Py = 1.2 x Design Press. P; = 1.1 x Design Press.
2. Heat input rate = H BTU/hr. HD.1 X Y1 n v
3. Total heat input rate BTU/hr. 28
Q=H+E i
4. Vapor generation rate #/hr. 1<
¥ = ULy
5. Vapor displacement rate #/hr. O
6. Total discharge rate #/hr. y 13
WaWl +W
* -E— My
7. Steam: A* = 50P, K, 8q.in. A
8. 3:h::s' FORP. /2T sq.in.
P : CKP; M
9, Gases - % o SCFMYZIM sq.in.
by volume: 6.32CKP
(SCFM @ 14.7 psia and 60°F)
10. Relief valve size required: A1 = Selected:

#1f ASME Code applies, divide A by 0.90.
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INSTRUMENT WORK SHEET NO. 9.1

RELIEF VALVE CALCULATION CONTRACT NO.: 717
GAS OR VAPOR ITEM NO.: T - 7 St 1e8 1
i FLOW SHEET NO.: ' . <91 -
(See Engineering Procedure No. 20) MADE BY: ' : I~ DATE: ‘/-27.71
) CHECKED BY: | _-DATE: _r~ /1
BASIS OF SIZING: Critiif} Xg}ocity /tgﬁf (ﬁ&bggﬁ{ 0 )A(fi F Ry idﬁ%},fl
_ _r 3 oy ; L
“‘{\U‘,. S"’ (V) IR S)‘d\r'u;‘r’ by .’l GENERAL
| IR '_'~""" AL e IR ’; L f Y SN N AN 4 ~p &Ly P
Vessel Item Number & Description: * /% 7 '3 CLAMETREY M ey R 27795,
>Vessel Dimensions: Dia.: _ ¢ Fe. Straight Shell: Rk Ft.
Design Pressure: Vewe ! R psig Design Temperature: 1A °F.
Insulation: Volume: .Y Cu. Ft.
PROPERTIES OF CONTENTS
Fluid /77 ¢ CK = dy = #/cu.ft. E = . BTU/Hr.
h= BTU/Hr/Sq.Ft. Kgp = L, = <54 BTU/F M =
P= '3 psig Py = ' "~ 7 psia T = "R V= ~ gpm
Z =
Ny - R
- g eATATIDY of wShy AT s e = TG L
Ly = HTAT df v2edl sy of [CALCULATIONS K
1. Wetted surface (Horizontal) S = w D(.4D + .67L) = sq. ft.
(Vertical) S = 7 D(.25D + L) = sq. fet.
£= T . TR
Fire Conditions Heater Duty
P; = 1.2 x Design Press. P; = 1.1 x Design Press.
1 Lan .
2. Heat input rate = H BTU/he, O3 Y A
3. Total heat input rate BTU/hr. '1!0 02"
Q=H+E
4, Vapor generation rate #/hr. Ly
W o= Yl
~
5. Vapor displacement rate #/hr.
wZ - 8.02VDV
P
6. Total discharge rate #/hr. "
W=W + W
* l rYy
7. Steam: A* = S0P Kgp, 8q.1in. .
8. Other AR W 2T s8q.in,
Vapors: CKP} M
9. Gases - * o SCPM/ZTM sq.in.
by volume: 6.32CKP
(SCFM @ 14.7 psia and 60°F)
“14 4,1

10. Relief valve size required:

Selected:

®If ASME Code applies, divide A by 0.90.
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INSTRUMENT WORK SHEET NO. 9.1
RELIEF VALVE CALCULATION _ CONTRACT NO.: '~
GAS OR VAPOR ITEM NO.: F7¢-']
‘. FLOW SHEET NO.: ~ - -7'n7
(See Engineering Procedure No. 20) MADE BY: % v DATE: ‘! ¢tv- 171
CHECKED BY: DATE:
BASIS OF SIZING: Critical Velocity FILE EXPOSVRE Sheet 20F 2
' . ’ teT £
GENERAL
Vessel Item Number & Description: 2T 7 {9 O £ (7MY T 0 s Mt T
Vessel Dimensions: Dia.: 7 13 - Ft. Straight Shell: ¥ Ft.
Design Pressure: (Y ¢ psig Design Temperature: °F.
Insulacion: MY Volume: Cu. Ft.
WepiT CAE ! PROPERTIES OF CONTENTS
pssumE Fut
Fluid _ % "-3  ck=_"'7 dy = #/cu.ft. E = & BTU/Hr.
h= BTU/Hr/Sq.Ft. Kgp, = L, = _170 BTU/# M= 4. 7 -
p=_239 psig Py = 79 psia T = _ 211 R V= gpm
Z = w{F 1.n
CALCULATIONS
1. Wetted surface (Horizontal) S = = D(.4D + .67L) = sq. ft.
(Vertical) S = n D(.25D + L) = 7 sq. ft.
Fire Conditions Heater Duty i
P; = 1.2 x Design Press. P; = 1.1 x Design Press.
. .. . \ i
2. Heat input rate = H BTU/hr. C 1 Y 24 YN0 7 RS SR !
PIREEE"Y It SRS SNV
3. Total heat input rate BTU/hr. EARINAY
Q=H+E
4. Vapor generation rate #/hr. P
¥ = Ly
5. Vapor displacement rate #/hr.
wz - 8.02VDV
6. Total discharge rate #/hr. N
W=W +W
7. Steam: A* L ‘ 1
. eam: - oo .in.
- SOPleh . 8q.1n
8. Other ., _ W _ /2T sq.in. 0.t
Vapors: CKP; M
9. Gases - A% = SCEMYZTM sq.1in. E
by volume: 6.32CKP
(SCFM @ 14.7 psia and 60°F)
ar .1 [, .-~ Y
10. Relief valve size required: & 020 A Selected:
#If ASME Code applies, divide A by 0.90.
-22-
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BASIS OF SIZING: Critical Velocity, FIRE EXf’oSblLE

INSTRUMENT WORK SHEET NO. 9.1

RELIEF VALVE CALCULATION CONTRACT NO.: T71N
GAS OR VAPOR _ ITEM NO.: @7 /= 2
* °  FLOW SHEET NO.: ' - - 712
(See Engineering Procedure No. 20) MADE BY: * 7 DATE: ~ .--:7

CHECKED BY: DATE:

I3

Sheet ;EJ* 21

GENERAL
Vessel Item Number & Description: CH2A% U
Vessel Dimensions: Dia.: oL Ft. Straight Shell: ' 71 .~ Ft.
Design Pressure: —'OH +4'CT psig Design Temperature: ' T % °F.
Insulation: PioNZ Volume: Cu. Ft.

PROPERTIES OF CONTENTS

Fluid F2t:=i*i= * CK= _V'7  dy = #/cu.fr. E = A BTU/Hr.
he __ BTU/Hr/sq. Ft. xsh - Lv = L' BTU/# M = - °
P" psig Py = psia T = Z R V= [l gpm
Z= -(? |

CALCULATIONS
1. Wetted surface (Horizontal) S = =n D(.4D + .67L) = sq. ft.

(Vertical) S = n D(.25D + L) = " - sq. ft.

Fire Conditions
P; = 1.2 x Design Press.

2. Heat input rate = H BTU/hr. &.% v ™ € ~~n

. Heater Duty
P = 1.1 x Design Press.

3. Total heat input rate BTU/hr. TTE e

Q=H+E

4. Vapor generation rate #/hr, T )
W = ULy

5. Vapor displacement rate #/hr. /
Wy = 8.02VD,

6. Total discharge rate #/hr. 17N
W- W+ Wy

.o
7. Steam: A*_= 50P; Kgp, 8q.in.
8. 8:h::s. At e W _ /2T sq.1in. n
P : cxpL M

9. Gases - A% = SCIMYZTM sq.1in.

by volume: 6.32CKP

(SCFM @ 14.7 psia and 60°F)

10. Relief valve size required: » . N <n? .7 {120

')
Selected:

#1f ASME Code applies, divide A by 0.90.
25
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e PITTSBURGH, PA.

o CHEMICAL PLANTS, DIV,

DRAVO CORPORATION

CALCULATION
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RELIEF VALVE CALCULATION CONTRACT NO.: 271
GAS OR VAPOR ITEM NO.: © /-2 -
& ' FLOW SHEET NO.: ' :n3
(See Engineering Procedure No. 20) MADE BY: V27 DATE: - -1%-17
CHECKED BY: DATE:
. B 1. "
. BASIS OF SIZING: Critical Velocicy, FIRE  EXP0SURE sb‘(j— 2 of 2 .
GENERAL {
Vessel Item Number & Description: 15771 pepioge T r o DA
Vessel Dimensions: Dia.: _ _71'7 - Fr. Straight Shell: _ 7 £ Ft.
Design Pressure: £/ ¢~ "~ : ~ psig Design Temperature: °F.
Insulation: gi ez . Volume: Cu. Frt.

INSTRUMENT WORK SHEET NO. 9.1

PROPERTIES OF CONTENTS

Flutd *S7f#HE k= 7S dy = #/cu.fr. E = A BTU/Hr.
hs_______ BTU/Hr/Sq. Ft. Ksh - Ly = =D BTU/# M= .
——_— —r‘————
P- ~2 psig Py = psia T = Pl R V= A} gpm
Z = (P 1 N
CALCULATIONS
1. Wetted surface (Horizontal) S =7 p(.4D + .67L) = sq. ft.
(Vertical) s = n p(.25D + L) = e sq. ft.
Fire Conditions .Heatet Duty

P; = 1.2 x Design Press. Py = 1.1 x Design Press.
'n‘zv{;\ Ta

2. Heat input rate = H nru/hz."? “x r2C 7
3. Total heat input rate BTU/hr. (67 «~n
Q=H+E )
4. Vapor generation rate #/hr. vl |
Wy = /Ly
I\
S. Vapor displacement rate #/hr.
wz = S.OZVDV
Ve T
6. Total discharge rate #/hr. : >
W=WL +W
7. S : Ax = = i
. Steam: " 30P;Kgp sq.in. —
8. Other AR = W _Z_'E sq.in. , :'\"' - Talst
Vapors: CKP, /™
9. Gases - % o SCEMVZTM sq.in.
by volume: 6.32CKP

(SCFM @ 14.7 psia and 60°F)

-~

10. Relief valve size required: E nn7 o Selected:

A1f ASME Code applies, divide A by 0.90.
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INSTRUMENT WORK SHEET NO. 9.1

RELIEF VALVE CALCULATION CONTRACT No.: 7 7
GAS OR VAPOR ITEM NO.: __~ -~ Sheet) ot )
. FLOW SHEET NO.: ‘3.7 i ~ - -
(See Engineering Procedure No. 20) MADE BY: [~ DATE: - '\-7°
l CHECKED BY: DATE: JS-:- 7'
BASIS OF SIZING: Critical Velocity ML Fressupf o ‘ ‘ .
. ' -'1{d 3 f‘l‘"l l‘--—' 3 7 = b (f[ ,/ L. (P‘.‘.{)ilj “’Zb’7 / 4
l GENERAL o A

P ,

# , Vessel Item Number & Description: Tt a
X:vessel Dimensions: Dia.: 1!

"' -

v Ft. Straight Shell: < Ft.
- Design Pressure: psig Design Temperature: °F.
Insulation: Volume: Cu. Ft.
NS aISI PROPERTIES OF CONTENTS
vt
Fluid _° CK ‘= dy = #/cu.fr. E = BTU/H:. 1
h=__  BTU/Hr/Sq. l-‘t. ) Ksh = - M BTU/# M= '7T°7
p=__ " paig Pi= psia T = AL PR VU= gpm
Zs=
\\ - - - ALY Y-y 17
N VALASetS  por L. (eafh -l
Eovefsel ? CALCULATIONS
. 1. Wetted surface (Horizontal) S = n D(.4D + .67L) = sq. ft.
(Vertical) S = 1 D(.25D + L) = ' sq. ft.
Fire Conditions .Heatet Duty
P; = 1.2 x Design Press. P; = 1.1 x Design Press.
2. Heat input rate = H BTU/hr. =~ "~ 77708 7
3. Total heat input rate BTU/he. ' 77
. Q=H+E
' L
4. Vapor generation rate ¢/hr. -
¥ = ULy
5. Vapor displacement rate #/hr. )
"2 - S.OZVDV
-
6. Total discharge rate #/hr.
W=W +W
7 St A* L i
. eam: = o5 .in.
. ~ 50P;Kgp 8q.1n
' 8. Other ,, W /7T sq.1in. C
.- Vapors: CKP, M
, . 9, Gases - % o SCFMYZTM 8q.in.
. by volume: 6.32CKP
! (SCFM @ 14.7 psia and 60°F)
‘ 5 b P\("ﬁ '.\‘l‘ ‘\ AT i ’r.’
, i 1 10. Relief valve size required: FRLI . Selected: _-
‘ : [N S v, Jlew
t #If ASME Code applies, divide A by 0.90.
-32-
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INSTRUMENT WORK SHEET NO. 9.1

RELIEF VALVE CALCULATION CONTRACT NO.: 7 *71°9

GAS OR VAPOR ITEM NO.: T Sheet) oaf !
v . FLOW SHEET NO.: ' ~ i _

(See Engineering Procedure No. 20) MADE BY: " i - DATE: « < '7

CHECKED BY: /- DATE: : - -:°
BASIS OF SIZING: Critical Velocity Hll"- L ;;;;.',‘4;: —— ———

Frifpgd <LER NI P DA {b'z.L'LCcPF'f lf'/*'li/ ’ {
Vessel Item Number & Descriptionm: R S B > : i ‘i s
Vessel Dimensions: Dia.: ' Ft. Straighc Shell ‘ Ft.
Design Pressure: _ *'~ psig Design Temperature: °F.
Insulation' Volume: Cu. Ft.
~d d~74
IS (‘r\ﬂvtv =I3-71 -
* ¥ L. L PROPERTIES OF CONTENTS
Flutd H€ 7T ke "' <4, = #/cu.fr. E = ~_  BTU/Hr.
h= __  BTU/Hc/Sq.Ft. x,h - Ly, = _| BTO/F M = - .
p=_'" psig P; = psia T= v, °R V= ) gpm
Z= :
CALCULATIONS
1. Wetted surface (Horizontal) S = w D(.4D + .67L) = sq. ft.
(Vertical) S = x D(.25D + L) - 'L/ sq. ft.

Fire Conditions

P; = 1.2 x Design Press.

v

2. Heat input rate = H BTU/hr. s - T

'Heater Duty
P; = 1.1 x Design Press.

7

AR

3. Total heat input rate BTU/hr.
Q= H+E
(e
4. Vapor generation rate #/hr. <~
W = /Ly
Al
5. Vapor displacement rate #/hr.
6. Total discharge rate #/hr. ‘
WelW +W
" -
7. Steam: A* = 50P; Kgp, sq.in. —
8. Other ., _ _ W FAY sq.1in. AR
Vapors: CKP; M
by volume: 6.32CKP
(SCFM @ 14.7 psia and 60°F)
-
R I B

10. Relief valve size required:

#If ASME Code applies, divide A by 0.90.
-33-
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